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PRIMERS AND METHODS FOR THE DETECTION AND 
DISCRIMINA'nON OF NUCLEIC ACIDS 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to the field of molecular biology. In 
particular, the present invention relates to novel primers for use in the 
detection and discrimination of nucleic acids. The novel primers of the 
present invention will find hioad applicability in the field of molecular biology 
and, in particular, in increasing specificity (e.g., reducing mis-priming) during 
nucleic acid synthesis or amplification, in the detection of products in nucleic 
acid amplification and syntfiesis reactions and in tiie discrimination between 
alleles of a given target gene. 

Related Art 

Assays capable of detecting and quantifying the presence of a 
particular nucleic acid molecule in a sample are of substantial importance in 
forensics, medicine, epidemiology and public health, and in the prediction and 
diagnosis of disease. Such assays can be used, for example, to idoitify the 
causal agent of an infectious disease, to predict the likelihood fliat an 
individual will suffer from a genetic disease, to detennine the purity of 
drinking water or milk, or to identify tissue samples. The desire to increase 
tiie utility and applicability of such assays is often fnistiated by assay 
sensitivity. Hence, it would be highly desirable to develop more sensitive 
detection assays. 

Nucleic acid detection assays can be predicated on any charactCTistic of 
the nucleic acid molecule, such as its size, sequence and, if DNA, 
susceptibility to digestion by restriction endonucleases. The sensitivity of 
such assays may be increased by altering the manner in which detection is 
reported or signaled to the observer. Tbus, for example, assay sensitivity can 
be increased tiuougjh the use of detectably labeled reagoits. A wide variety of 
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such labels have been used for this puipose. Detectable labels include, for 
example, radioactive isotopes, fluorescent labels, chemiluminescent labels, 
bioluminescent labels and enzyme labels. U.S. Patent No. 4,581,333 describes 
the use of enzyme labels to increase sensitivity in a detection assay. 
Radioisotopic labels are disclosed in U.S. Patent Nos. 4,358,535, and 
4,446,237. Huorescent labels (EP 144,914), chemical labels (U.S. Patent Nos. 
4,582.789 and 4.563.417) and modified bases (EP 119,448) have also been 
used in an effort to improve the efficiency with which detection can be 
observed. 

Although the use of highly detectable labeled reagents can improve the 
sensitivity of nucleic acid detection assays, the sensitivity of such assays 
remains limited by practical problems which are largely related to non-specific 
reactions which increase the background signal produced in the absence of the 
nucleic acid the assay is designed to detect In response to these problems, a 
variety of detection and quantification methods using DNA amplification have 
been developed. 

Many current methods of identification and quantification of nucleic 
acids rely on amplification and/or hybridization techniques. While many of 
these involve a separation step, several that allow detection of nucleic acids 
witiiout separating the labeled primer or probe from the reaction have been 
developed. These methods have numerous advantages campared to gel-based 
methods, such as gel electrophoresis, and dot-blot analysis, for example, and 
require less time, permit high tiiroughput, prevent carryover contamination 
and peimit quantification through real time detection. Most of tiiese current 
methods are solution-based fluorescence methods fliat utilize two 
chromophores. These methods utilize flie phenomena of fluorescence 
resonance energy transfer (FRET) in which the energy ftom an excited 
fluorescent moiety is transferred to an acceptor molecule when the two 
molecules are in close proximity to each other. This tiansfer prevents the 
excited fluorescent moiety from releasing the energy in the form of a photon 
of light thus quenching die fluorescence of die fluorescent moiety. When the 
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acceptor molecule is not suffici<aitly close, the transfer does not occur and the 
excited fluorescent moiety may then fluoresce, the major disadvantages of 
systems based on FRET are the cost of requiring the presence of two modified 
nucleotides in a detection oligonucleotide and the possibility that the 
efficiency of the quenching may not be sufficient to provide a usable 
difference in signal undear a given set of assay conditions. Other known 
methods which permit detection without separation are: luminescence 
resonance energy transfer (LRET) where energy transfer occurs between 
sensitized lanthanide metals and acceptor dyes (Selvin, P. R., and Hearst, J. 
D., Proc Natl Acad. Sci. USA 9i: 10024-10028 (1994)); and color change 
ftom exdmer-forming dyes where two adjacent pyrenes can form an excimer 
(fluorescent dimer) in the presence of the complementary target, resulting in a 
detectably shifted fluorescence peak (Paris, P. L. et aL. Nucleic Acids 
Research 25:3789-3793 (1998)). 

Various methods are known to those skilled in the art for the 
amplification of nucleic acid molecules. In general, a nucleic add target 
molecule is used as a template for extension of an oligonucleotide primer in a 
reaction catalyzed by polymerase. For example, Panet and Khorana (/. Biol. 
Chem. 249:5213-5221 (1974)) demonstrate the repUcation of 
deoxyribopolynucleotide templates bound to cellulose. Kleppe et oL, (J. Mol 
Biol 55:341-361 (1971)) disclose the use of double- and single-stranded DNA 
molecules as templates for the synthesis of complementary DNA. 

Other known nucleic acid amplification procedures include 
transcription based amplification systems (Kwoh. D. et aL. Proc. Natl Acad 
ScL USA 55:1173 (1989); PCX appl. WO 88/10315). Schemes based on 
ligation Cligation C3iain Reaction" CLCR**)) of two or more oUgonucleotides 
in die presence of a target nucleic acid havmg a sequence complementary to 
the sequence of the product of the ligation reaction have also been used (Wu, 
D. Y. et al.. Genomics 4:560 (1989)). Other suitable methods for amplifying 
nucleic add based on ligation of two oligonucleotides after anneaUng to 
complementary nucleic adds are known in the art 
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PCT appl. wo 89/06700 discloses a nucldc acid sequence 
amplification scheme based on the hybridization of a promotei/primer 
sequence to a target single-stranded DNA ("ssDNA") foHowed by 
transcription of many RNA copies of the sequence. This scheme is not cyclic, 
i.e., new templates are not produced from the resultant RNA transcripts. 

EP 329,822 discloses an alternative amplification iMticedure termed 
Nucleic Add Sequence-Based Amplification (NASBA). NASBA is a nucleic 
acid ampUfication process comprising cycUcally synthesizing single-^stianded 
RNA ("ssRNA"), ssDNA, and double-stiranded DNA (dsDNA). The ssRNA is 
a first template for a first piimer oligonucleotide, which is elongated by 
reverse tianscriptase (RNA dependent DNA polymerase). The RNA is tiien 
removed from the resulting DNA:RNA duplex by the action of ribonuclease H 
(RNase H, an RNase specific for RNA in a duplex wifli either DNA or RNA). 
The resultant ssDNA is a second template for a second primer. The second 
primer includes die sequences of an RNA polymerase promoter (exemplified 
by T7 RNA polymerase) located 5* to die primer sequence which hybridizes to 
die ssDNA template. This primer is tiien extended by a DNA polymerase 
(exempUfied by the large "Klenow" fragment of K coli DNA polymerase I), 
resulting in die production of a dsDNA molecule, having a sequence identical 
to that of the portion of flie original RNA located between die primers and 
having, additionally, at one end, a promoter sequence. This promoter 
sequence can be used by die appropriate RNA polymerase to make many RNA 
copies of die DNA. These copies can tiien re-enter die cycle leading to veiy 
swift amplification. Widi die proper choice of enzymes, tiiis amplification can 
be done isotfiermally widiout die addition of enzymes at each cycle. Because 
of die cyclical nahire of tiiis process, die starting sequence can be chosen to be 
in die form of eitiier DNA or RNA. 

U.S. Patent No. 5,455,166 and EP 684 315 disclose a metiiod called 
Strand Displacement AmpUfication (SDA). This metiiod is perforaied at a 
single temperature and uses a combination of a polymerase, an endonuclease 
and a modified nucleoside triphosphate to amplify single-steanded fragments 
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of the target DNA sequence. A target sequence is fragmented, made single- 
stranded and hybridized to a primer that contains a recognition site for an 
endonuclease. The primerrtarget complex is then extended with a polymerase 
enzyme using a mixture of nucleoside triphosphates, one of which is modified 
The result is a duplex molecule containing the original target sequence and an 
endonuclease recognition sequence. One of the strands making up the 
recognition sequence is derived from the primer and the other is a result of the 
extension reaction. Since the extension reaction is performed using a modified 
nucleotide, one strand of the recognition site is modified and resistant to 
endonuclease digestion. The resultant duplex molecule is then contacted with 
an endonuclease which cleaves the unmodified strand causing a nick. The 
nicked strand is extended by a polymerase enzyme lacking 5-3' exonuclease 
activity resulting in the displacement of the nicked strand and the production 
of a new duplex molecule. The new duplex molecule can then go throug^i 
multiple rounds of nicking and extending to produce multiple copies of the 
target sequence. 

The most widely used method of nucleic acid amplification is the 
polymerase chain reaction (PGR). A detailed description of PGR is provided 
in the following references: MuUis, K. et al.. Cold Spring Harbor Symp. 
Quant. Biol 52:263-273 (1986); BP 50,424; BP 84,796; BP 258,017; EP 
237,362; EP 201,184; U.S. Patent No. 4,683,202; U.S. Patent No. 4,582,788; 
and U.S. Patent No. 4,683,194. In its simplest f omi, PGR involves the 
amplification of a target double-stranded nucleic add sequence. Hie double- 
stranded sequence is denatured and an oligonucleotide primer is annealed to 
each of the resultant single strands. The sequences of the primers are selected 
so that they will hybridize in positions flanking the portion of the double- 
stranded nucleic acid sequence to be amplified. The oligonucleotides are 
extended in a reaction with a polymerase enzyme, nucleotide triphosphates 
and the appropriate cofactors resulting in the formation of two double-stranded 
molecules each containing the target sequence. Each subsequent round of 
denaturation, annealing and extension reactions results in a doubling of the 
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number of copies of the target sequence as extension products fix)m earUer 
rounds serve as templates for subsequent replication steps. Thus, PGR 
provides a method for selectively increasing the concentration of a nucleic 
acid molecule having a particular sequence even when that molecule has not 
been previously purified and is present only in a single copy in a particular 
sample. The method can be used to amplify either single- or double-stranded 
nucleic acids. The essence of the method involves the use of two 
oUgonucleotides to serve as primers for the template dependent, polymerase- 
mediated replication of the desired nucleic acid molecule. 

PGR has found numerous applications in the fields of research and 
diagnostics. One area in which PGR has proven useful is the detection of 
single nucleotide mutations by allele specific PGR (ASPGR) (see, for 
example, U.S. Patent Nos. 5,639,611 and 5,595,890). As originally described 
by Wu, et al. (Proceedings of the National Academy of Sciences, USA, 
86:2757-2760 (1989)), ASPGR involves the detection of a single nucleotide 
variation at a specific location in a nucleic acid molecule by comparing the 
amplification of the target using a primer sequence whose 3'-termini 
nucleotide is complementary to a suspected variant nucleotide to the 
amplification of the target using a primer in which the 3'-termini nucleotide is 
complementary to the normal nucleotide. In the case where the variant 
nucleotide is present in the target, amplification occurs more effidenfly with 
the primer containing the 3'-nucIeotide complementary to the variant 
nucleotide while in the case where the normal nucleotide is present in the 
target, amplification is more efficient with the primer containing 3'-nucleotide 
complementary to the normal nucleotide. 

WhUe tills technology can be used to identify single nucleotide 
substitutions in a nucleic acid, it nonetfieless suffers from some drawbacks in 
practical appUcations. The difference in efficiency of an^lification between 
the primers may not be sufficientiy large to permit easily distinguishing 
between die normal nucleotide and ttie mutant nucleotide. When die 
mismatched primer is extended witii a significant frequency in die earlier 
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rounds of the ampUfication. there may not be a large difference in the amount 
of product present in the later rounds. To avoid this problem requires careful 
selection of the number of amplification cycles and reaction conditions. An 
additional problem with this methodology is presented by the detection step 
5 after the amplification. In general, this is accomplished by separating the 

reaction products by electrophoresis and then visualizing the products. The 
imposition of a separation step dramatically increases the time and expense 
required for conductmg this type of analysis. In order to obviate the need for a 
separation step, various FRET-based solution phase methods of detection have 
10 been used. These methods suffer from the drawbacks discussed above. 

Methods for detecting nucleic acid ampUfication products commonly 
use gel electrophoresis, which separates the amplification product fiom the 
primers on the basis of a size differential. Alternatively, amplification 
products can be detected by immobilization of the product, which allows one 
15 to wash away free primer (for example, in dot-blot analysis), and hybridization 

of specific probes by traditional soUd phase hybridization methods. Several 
methods for monitoring the amplification process without prior separation of 
primer or probes have been described. All of these methods are based on 

FRET. 

20 One method, described in U.S. Patent No. 5.348.853 and Wang et aL, 

Anal Chem. (57:1197-1203 (1995). uses an energy transfer system in which 
energy transfer occurs between two fluorophores on the probe; In this meAod. 
detection of the amplified molecule takes place in the amplification reaction 
vessel, without tiie need for a separation step. The Wang et al. metfiod uses an 

25 "energy-sink" oligonucleotide complementary to the reverse primer. Hie 

"energy-sink" aiid reverse primer oligonucleotides have donor and acceptor 
labels, respectively. Prior to amplification, the labeled oligonucleotides form 
a primer duplex in which energy transfer occurs fteely. Then, asymmetric 
PGR is carried out to its late-log phase before one of die target strands is 

30 significantly overproduced. 
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A second method for detection of an amplification product without 
prior separation of primer and product is the 5' nuclease PGR assay (also 
referred to as the TAQMAN® assay) (Holland et aL, Proc. NaO, Acad. ScL 
USA 55:7276-7280 (1991); Lee et al.. Nucleic Acids Res. 2J:3761-3766 
(1993)). This assay detects the accumulation of a specific PGR product by 
hybridization and cleavage of a doubly labeled fluorogenic probe (die 
"TAQMAN®" probe) during the amplification reaction. The fluorogenic 
probe consists of an oligonucleotide labeled with botii a fluorescent reporter 
dye and a quencher dye. During PGR, this probe is cleaved by the 
5'-exonuclease activity of DNA polymerase if it hybridizes to the segment 
being ampUfied. Qeavage of the probe generates an increase in tiie 
fluorescence intensity of die reporter dye. In the TAQMAN® assay, the donor 
and quencher are preferably located on the 3'- and 5'-ends of die probe, 
because the requirement that 5'-3' hydrolysis be performed between die 
fluofophore and quencher may be met only when these two moieties are not 
too close to each other (Lyamichev et al.. Science 260:778-783 (1993)). 

Another mediod of detecting ampUfication products (namely 
MOLEGULAR BEAGONS) reUes on the use of energy transfer using a 
"beacon probe" described by Tyagi and Kramer (Nature Biotech. 74:303-309 
(1996)). This metiiod employs oligonucleotide hybridization probes ttiat can 
form hairpm stiiictures. On one end of die hybridization probe (eiflio: die 5'- 
or 3'-end), diere is a donor fluorophore, and on die odicr end, an acceptor 
moiety. In die case of die Tyagi and Kramer metiiod, die acceptor moiety is a 
quencher, diat is, die acceptor absori)S energy released by die donor, but dien 
does not itself fluoresce. Thus, when die beacon is in die open conformation, 
die fluorescence of die donor fluorophore is detectable, whereas when die 
beacon is in hairpin (closed) conformation, die fluorescence of die donor 
fluorophore is quenched. When employed in PGR. die beacon probe, which 
hybridizes to one of die sti^ds of die PGR product, is in "open conformation," 
and fluorescence is detected, while diose diat remain unhybridized will not 
fluoresce. As a result, die amount of fluorescence will increase as die amount 



wo 02/057479 



PCT/USOl/50460 



9- 



of PGR product increases, and thus may be used as a measure of the progress 
of the PGR. 

Another method of detecting amplification products which reUes on 
the use of energy transfer is the SUNRISE PRIMER method of Nazarenko et 

5 0/. {Nucleic Acids Research 25:2516-2521 (1997); U.S. Patent No. 5.866336). 

SUNRISE PRIMERS are based on FRET and other mechanisms of non- 
fluorescent quenching. SUNRISE PRIMERS consist of a single-stranded 
primer with a hairpin structure at its 5'-end The hairpin stem is labeled with a 
donor/quencher pair. TTie signal is generated upon the unfolding and 

10 replication of the hairpin sequence by polymerase. 

While there is a body of Uterature on the use of fluorescendy labeled 
nucleic acids in a variety of appUcations involving nucleic acid hybridization 
or nucleic acid amplification, the majority of applications involve the 
separation of unhybridized probes or unincorporated primers, followed by 

15 detection. None of these methodologies describe or discuss real time detection 

of probes or primers, or changes in the fluorescence properties of a 
fluorescently labeled oUgonucleotide upon hybridization or incorporation into 
an amplified product. Thus, whetiier detection of a given nucleic acid target 
sequence is to be done witii or without amplification of tiie nucleic add 

20 sample containing tf»e target sequence, tiiere remains a need in die art for mote 

sensitive and more discriminating methods of detecting a target nucleic add 
sequence. 

The surprising and novel finding of the present invention is based, in 
part, on die measurement of a change in one or more of die fluorescent 

25 properties of labeled probes or primers upon becoming double-stiranded. TTie 

present invention tfius solves die problem of detecting nucleic adds, in 
particular amplification and/or syndiesis products, by providing metiiods for 
detecting such products diat are adaptable to many metiiods for amplification 
or synthesis of nucleic acid sequences and tiiat greatiy decrease die possibiUty 

30 of carryover contamination. The compounds and metiiods of die invention 

provide substantial improvements over diose of die prior art First, diey 
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permit detection of the ampUfication or synthesis products without prior 
separation of unincorporated fluorescent labeled oligonucleotides. Second, 
they allow detection of the amplification or synthesis product directly, by 
incorporating the labeled oUgonucleotide into the product Third, they do not 
require labeUng of oligonucleotides with two different compounds (like 
FRET-based methods), and thus, simplify the production of the labeled 
oligonucleotides. 

SUMMARY OF THE BSTVENTiON 

The present invention provides oligonucleotides that may comprise one 
or more modifications internally, and/or, at or near the 3'- and/or 5'-termini. 
Suitable modifications include, but are not limited to, the inclusion of labels, 
the inclusion of specificity enhandng groups, the inclusion of modified groups 
(e.g., modified or derivative nucleotide), the inclusion of quenching moieties, 
the inclusion of nucleotide analogues and the like. The oUgonucleotides of the 
present invaition may also comprise one or more sequences conq)l«naitary to 
all or a portion of a target or template sequence of interest In some 
embodiments, the oUgonucleotides of the present invention may be in the form 
of a hairpin. Hairpin oligonucleotides may be modified or unmodified. 
Hairpin oligonucleotides of the present invention may contain one or more 
single-stranded regions at or near the stem of the haiipin and may be blunt 
ended or comprise overhanging sequences on the 3- and/or 5'-end. The 
hairpin oUgonucleotides of the present invention may also contain any number 
of stem and loop sUiicturcs at any location in the oUgonucleotide. In some 
preferred embodiments, the oUgonucleotides of the present invention may be 
used for the detection and/or discrimination of target or template nucleic acid 
molecules by methods involving primer extension including, but not Umited 
to, nucleic acid synthesis and ampUfication (e.g. PGR) as well as by other 
methods involving hybridization of a probe and/or primer. The 
oUgonucleotides of the present invention may be used with any extension 
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reaction known to those sldUed in the art Such extension reactions include, 
but are not limited to, extension of a primer on a DNA template using a DNA 
polymerase to produce a complementary DNA strand and extension of a 
primer on an RNA template using a reverse transcriptase to produce a 
5 complementary DNA strand. The oUgonucleotides of the present invention 

may also be used in detection/discrimination of target or template nucleic acid 
molecules using methods involving hybridization of one or more of the 
oUgonucleotides of the invention to one or more target nucleic acid molecules 
of interest 

10 In one aspect oUgonucleotides of the invention may comprise one or 

multiple labels (e.g. detectable labels), which may be the same or different In 
some preferred embodiments, the labels may be fluorescent moieties. Labeled 
oUgonucleotides of the invention may be used to detect the presence or 
absence of or to quantify the amount of nucleic acid molecules in a sample by. 

15 for example, hybridization of such oUgonucleotides to such nucleic acid 

molecules. Optionally, such oUgonucleotides may be extended in a synthesis 
and/or ampUfication reaction and detection/quantification may be 
accompUshed during or after such reactions. In accordance with one aspect of 
the invention, such detection/quantification is based on the observation that 

20 the labeled oUgonucleotides in double-slranded form have a detectable change 

in one or more properties (preferably a fluorescent property) compared to the 
oUgonucleotides in single-stranded form. In another aspect of the invention, a 
change in a detectable property (preferably a fluorescent property) upon 
extension of the oUgonucleotide of the invention is used to detect/quantify a 

25 target/template nucleic add. Huorescent properties in which a change may be 

detected include, but are not Umited to. fluorescent intensity (increase or 
decrease), fluorescent polarization, fluorescence Ufetime and quantum yield of 
fluorescence. Thus, hybridization and/or extension of the labeled 
oUgonucleotides of the invention to a nucleic acid molecule to be 

30 detected/quantified results in a detectable change in one or more of the labels 

used and, in particular, when using fluorescent labels, a detectable change in 
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one or more fluorescent properties. In this aspect of the invention, multiple 
different oligonucleotides may be used to detect multiple different target 
sequences in the same sample (e.g. multiplexing) and such different 
oUgonucleotides may be differentiaUy labeled to allow simultaneous and/or 
sequential detection of the multiple target sequences. 

In anotiier aspect, the present invention provides oUgonucleotides 
comprising one or more specificity enhancing groups. In some preferred 
embodiments, oUgonucleotides of the present invention may be provided with 
one or more specificity enhancing groups that render such oUgonucleotides 
substantially less extendable, for example, in a synthesis or ampUfication 
reaction, for example, when the 3'-most nucleotide of the oUgonucleotide is 
not base paired with a target or template nucleic acid sequence. In some 
embodiments, the specificity enhancing group may be placed at or near tiie 3'- 
most nucleotide of the oUgonucleotide. 

The specificity enhancing group may be attached to the 
oUgonucleotide using any methodology known to those of sWU in the art and 
may be attached to the oUgonucleotide via a Unker group. Such Unker groups 
may be of varying length and chemical composition, i.e., hydrophobicity, 
charge, etc. The specificity enhancing groups of the present invention may be 
attached to any part of the nucleotide to be modified. i.e.. base, sugar or 
phosphate group. Specificity enhancing groups of the present invention may 
be or include detectable groups, including, but not Umited to, fluorescent 
groups, chemiluminescent groups, radiolabeled groups and the Uke. In 
another aspect, die specificity enhancing groups may be modified or may be 
derivative nucleotides which are incorporated at one or a number oif positions 
wiUiin Uie oUgonucleotides of the invention. In some embodiments, die 
specificity enhancing groups of the present invention may be fluorescent 
groups which undergo a detectable change in one or more fluorescent 
properties upon extension of die oUgonucleotide or may be any otiier 
detectable label aUowing detection of die nucleic acid of interest Preferably, 
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the label exhibits a detectable change when the oUgonucleotide of the 
invention is extended in a synthesis or amplification reaction. 

Oligonucleotides of the present invention may be in the fonn of a 
hairpin. The hairpins of the present invention preferably comprise at least one 
stem structure and at least one loop structure. The sequences which form the 
stem structure by base pairing may be of any length and preferably contain at 
least a portion of a sequence complementary to a target or template sequence. 
For example, the sequence of an oUgonucleotide may be selected so as to form 
a hairpin structure at a temperature below the temperatures used in a synthesis 
or amplification reaction by first selecting a sequence at least partially 
complementary to a portion of a nucleic acid target or template sequence and 
then adding one or more nucleotides to the 5'-end of the oUgonucleotide that 
are complementary to the nucleotides at the 3'-end of the oUgonucleotide. At a 
reduced temperature, the complementary nucleotides at the 3'- and 5'-<snds can 
base pair forming a stem structure. Tlie number of cornplementary nucleotides 
to be added may be selected by determining the desired melting temperature of 
the stem structure. The melting temperature preferably is high enough that the 
oligonucleotide is in the hairpin structure when the reaction mixture is being 
prepared tiiereby preventing the oUgonucleotide from mis-anneaUng or mis- 
priming to the target or template nucleic acid molecule, but low enough such 
that aU or a portion of the oUgonucleotides are capable of assuming a Unear 
structure and anneaUng to the target or template at the appropriate point in the 
synthesis or ampUfication reaction. The selection of an appropriate melting 
temperature for the stem structure is routine for those of ordinary skiU in the 
ait 

The oUgonucleotides of the present invention may incorporate more 
than one of the characteristics described above or combinations thereof. Fbr 
example, an oUgonucleotide may comprise one or more labels and/or one or 
more specificity enhancing groups and/or one or more hairpin structures. 

In another aspect, one or more of the oUgonucleotides of the present 
invention may be covalenUy or non-covalently attached to a support by any 
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means known to those skiUed in the art Such support bound oUgonucleotides 
may be used to carry out the methods of the present invention. For example, 
the detection or quantification of nucleic acid molecules may be accompUshed 
on a support and/or the synthesis or amplification of nucleic acids may be 
accompUshed on a support Such a support may be soUd or semi-soUd and 
may be made of any material known to those skilled in the art Some 
examples of supports, without limitation, include polyolefin. sdntered 
polyethylene, nitrocellulose, polypropylene, polycarbonate, ceUulose acetate, 

silica and the like. 

In one aspect the present invention provides for reaction mixtures or 
compositions for use in a process for the synthesis and/or amplification of one 
. or more nucleic acid molecules complementary to all or a portion of one or 
more nucleic acid target or template molecules of interest or tiie hybridization 
of one or more oUgonucleotides of the invention to such targets. In some 
preferred embodiments, tiie reaction mixture may comprise at least a first and 
preferably a first and a second oUgonucleotide primer of the invention which 
primers may be tiie same or different and may contain die same or different 
labels and/or specificity enhancing groups. Such first primer preferably 
comprises at least one sequence which is at least partiaUy complementary to 
said target or template nucleic add and which primes syntiiesis of a first 
extension product tiiat is complementary to aU or a portion of said targpt or 
template nucleic acid- Such second oUgonucleotide primer preferably 
comprises a sequence which is at least partially complementary to aU or a 
portion of said first extension product and primes die synthesis of a second 
extension product which is at least partially complementary to aU or a portion 
of said first extension product In some embodiments, die reaction mixtttte 
may comprise one or more oUgonucleotide primers of die invention, which 
may be die same or different and which may contain one or more of die same 
or different labels and/or specificity enhancing groups. Fbr example, tiie 
reaction mixture or composition may comprise more tiian one oUgonucleotide 
primer, wherein at least one of said primers is in die form of a hairpin and die 
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other is not (preferably, such other primer is in Unear form). In another aspect, 
one primer may be provided with at least one label that undergoes a detectable 
change in one or more properties upon hybridization and/or 
ampUfication/extension while a second primer may be in the form of a hairpin 
and/or comprise at least one specificity enhancing group. In another aspect, 
both the first and the second primer may be in the form of a hairpin and may 
also comprise labels and/or specificity enhancing groups as described above. 
Such reaction mixtures or compositions of the present invention may further 
comprise one or more components selected from a group consisting of one or 
more nucleotides, one or more DNA polymerases, one or more reverse 
transcriptases, one or more buffers or buffering salts, one or more target or 
template molecules and one or more products produced by a hybridization or 
synthesis/amplification reaction of the present invention. Thus, the invention 
relates generally to compositions/reaction mixtures produced to carry out the 
15 invention and/or to composition/reaction mixtures resultmg from carrying out 

the invention. 

The present invention relates to a method for detecting the presence or 

absence of a nucleic acid molecule or for quantifying the amount of a nucleic 

acid molecule in a sample conq>rising: 
20 (a) contacting a sample Uiought to contain one or more nuclrac acid 

molecules with one or more oligonucleotides of the mvention; and 

(b) detecting the presence or absence or quantifying the amount of 

nucleic acid molecules in said sample. 

In some embodiments, the oUgonucleotide may be labeled and the 
25 detecting step may involve the detection of a change in one or more 

fluorescent or other detectable properties of the labeled oligonucleotide of the 

present invention. In some embodiments, the fluorescent property which 

undergoes a change is the intensity of fluorescence. In some embodiments, an 

increase in fluorescence intensity is detected. 
30 Preferably, the oligonucleotides of the invention are incubated under 

conditions sufficient to aUow hybridization of such oUgonucleotides to the 
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nucleic acid molecules in the sample. In a picferred aspect, the detection or 
quantification step includes a comparison of a control samjile (without nucleic 
add molecules present) to the sample containing nucleic add molecules. 
Additional control samples containing known amounts of nucleic add 
5 molecules may be used in accordance with the invention as a positive control 

for comparison puiposes to determine the exact or approximate amount of the 
nucleic acid molecules present in the unknown sample. 

In a related aspect, the invention relates to detection or quantification 
of nucleic add molecules in a sample during or after nucldc acid synthesis or 
10 amplification. Hius. the invention relates to a method for the detection or 

quantification of one or more nucleic acid molecules in a sample comprising: 

(a) mixing one or more nucleic acid templates or target nucleic 
acid molecules of the sample with one or more oligonucleotides for the 

invention; 

15 (b) incubating said mixtuie under conditions suffident to 

synthesize or amplify one or more nucleic add molecules complementary to 
all or a portion of said templates or target molecules, wherein said synthesized 
or amplified nucleic add molecules comprise said oligonucleotide; and 

(c) detecting or quantifying said syntiiesized or amplified nucleic 

-^0 acid molecules. 

■ In some embodiments, the oUgonucleotide may be labeled and the 

detecting step may involve the detection of a change in one or more 
fl«,rescent or other detectable properties of the labeled oUgonucleotide of the 
present invention. In some embodiments, the fluorescent property which 
25 undergoesachangeistheintensityoffluorescence. In some embodiments, an 

increase in fluorescence intensity is detected 

Conditions sufficient to synthesize or amplify one or more nucldc add 
molecules complementary to all or a portion of said templates or target 
molecules preferably comprise incubating tiie template/oUgonucleotide 
mixture in the presence of one or more nucleotides and one or more 
polymerases and/or reverse transcriptases (preferably. DNA polymerases and 
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most preferably. theimostableDNA polymerases). In a most preferred aspect, 
the ampUfication process used is polymerase chain reaction (PGR) or RT PGR, 
although other ampUfication methods may be used in accordance with the 
invention. In this aspect of the invention, the detection/quantification step 
5 may be accompUshed during amplification or synthesis or after synthesis or 

ampUfication is complete. For detection during an ampUfication reaction, a 
thermocycler capable of real time fiuorescence detection may be used. 
Further, the nucleic add synthesis or ampUfication method preferably 
produces double-stranded nucleic acid molecules (preferably, double-stianded 
10 DNA/DNA or DNA/RNA molecules) and tiie presence or absence or amount 

of such double-stranded molecules may be determined by this method of the 
invention. In a preferred aspect, using the labeled oUgonucleotides of the 
invention as a primer during syntiiesis or ampUfication, the labeled 
oUgonucleotide primer is incorporated into the synthesized or ampUfied 
15 molecule thereby creating a labeled product molecule (which may be single- 

stranded or double-stranded). In another aspect, the synthesized or ampUfied 
nucleic acid molecules produced in accordance witii tiie invention may contain 
one or more labels, which may be die same or different In a preferred aspect, 
die detection or quantification step includes a comparison of a control sample 
20 to the sample containing the target/template nuclac acid molecules of interest 

Additional control samples containing known amounts of target/template may 
be used as a positive control for comparison purposes and/or to determine the 
exact or approximate amount of target/template in an unknown sample. 

More specifically, tiie invention is directed to a method for ampUfying 
25 a double-stranded nucleic acid target molecule (e.g., DNA/DNA; RNA/RNA; 

orRNA/DNA), comprising: 

(a) providing at least a first and a second primer, wherein said first 

primer is complementary to a sequence within or at or near die 3'-terniini of a 

fiist sti^d of said nucleic acid molecule and said second primer is 

30 complementary to a sequence witiiin or at or near tiie 3'-termini of the second 

sband of said nucleic add molecule; 
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(b) hybridizing said first primer to said first strand and said second 
primer to said second strand in the presence of one or more polymaases or 
reverse transcriptases, under conditions such that a third nucleic acid molecule 
complementary to all or a portion of said first strand and a fourth nucleic acid 
molecule complementary to all or a portion of said second strand are 
synthesized; 

(c) denaturing said first and third strand, and said second and 

fourth strands; and 

(d) repeating steps (a) to (c) one or more times, wherein one or 
more of said primers are oUgonucleotides of the present invention. 

In some embodiments, at least one of the primers comprises at least 
one label that undergoes a detectable change in one or more fluorescent or 
other detectable properties upon hybridization and/or amplification/extension. 
In some embodiments, at least one of the primers comprises at least one 
specificity enhancing group that renders the primer substantially less 
extendable when the 3'-nucleotide of the primer is not base paired with the 
target molecule. In some embodiments, one or more of the primers is in the 
form of a hairpin. In some embodiments, at least one of the primers is in the 
form of a hairpin and further comprises a detectable label and/or a specificity 
enhancing group. 

In a further aspect, the present invention provides a method for the 
direct detection of amplification or synthesis products in which the detection 
may be performed without opening the reaction tube. This embodiment, the 
"closed-tube" format, reduces gready the possibiUty of carryover 
contamination with amplification or synthesis products. The closed-tube 
method also provides for high throughput analysis of samples and may be 
automated. The closed-tube format significanUy simplifies the detection 
process, eliminating the need for post-ampUfication or post-synthesis analysis 
such as gel electrophoresis or dot-blot analysis. 
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In another aspect, the invention relates to a method for hybridizing or 
binding one or more of the oUgonucleotides of the invention with one or more 
nucleic acid molecules of interest comprising: 

(a) mixing one or more of said oUgonucleotides with one or more 

5 of said nucleic acid molecules; and 

(b) incubating said mixture under conditions sufficient to hybridize 
or bind one or more of said oUgonucleotides with one or more of said nucleic 
add molecules. 

In a preferred aspect, at least one or more of the oUgonucleotides used 
10 in this method are hairpins and more preferably, the one or more 

oUgonucleotides are hairpin molecules comprising one or more specificity 
enhancing groups and/or one or more labels. 

The invention also rentes to methods of synthesis or ampUfication of 
one or more nucleic acid molecules comprising: 
15 (a) mixing one or more templates or target nucleic acid molecules 

with one or more oUgonucleotides of the invention; and 

(b) incubating said mixture under conditions sufficient to 
synthesize or ampUfy one or more nucleic acid molecules complementary to 
all or a portion of said templates or target molecules. 
20 In a preferred aspect, the oUgonucleotides are hairpins and more 

preferably, are hairpin molecules comprising one or more specificity 
enhancing groups and/or one or more labels. Conditions sufficient to 
synthesize or ampUf y one or more nucleic acid molecules complementary to 
aU or a portion of said templates or target molecules preferably comprise 
25 incubating the template/oUgonucleotide mixture (e.g.. the template- 

oUgonucleotide complex) in the presence of one or more nucleotides and one 
or more polymerases and/or one or more reverse transcriptases (preferably, 
DNA polymerases and most preferably, thramostable DNA polymerases). In a 
most preferred aspect, tiie ampUfication process used is polymerase chain 
30 reaction (PGR) or RT PGR, altiiough otiier ampUfication methods may be used 

in accordance witii the invention. Further, die nucleic acid synthesis or 
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amplification methods preferably produce double-stranded nucleic acid 
molecules (preferably, double-stranded DNA/DNA or DNA/RNA molecules). 
Use of the oligonucleotides of the invention allows for more efficient 
synthesis and/or amplification of nucleic acid molecules. 

More specifically, the invention is directed to a method for amplifying 
a double-stranded nucleic acid target molecule comprising: 

(a) providing a first and second primer, wherein said first primer is 

complementary to a sequence within or at or near the 3'-tetmini of the first 
strand of said nucleic acid molecule and said second primer is complementary 
to a sequence within or at or near the 3'-termini of the second strand of said 
nucleic acid molecule; 

(b) hybriding said first primer to said first strand and said second 
primer to said second strand in the presence of one or more polymerases or 
reverse transcriptases, under conditions such that a third nucleic acid molecule 
complementary to all or a portion of said first strand and a fourth nucleic add 
molecule complementary to aU or a portion of said second strand are 
synthesized; 

(c) denaturing said first and third stiands, and said second and first 
strands; and 

(d) repeating steps (a) to (c) one or more times, wherein one or 
more of said primers are oligonucleotides of the present invention. 

In one embodiment, tiie oligonucleotides of the invention used are 
hairpins, and preferably, are hairpins comprising one or more specificity 
enhancing groups and/or one or more labels. 

The invention also* provides the embodiments of the above methods 
wherein the nucldc add molecule to be detected/quantified/ 
amplified/syntiiesized is an RNA or a DNA molecule, and wherein such 
molecule is either single-stranded or double-stranded. 

The invention also provides the embodiment of the above methods 
wherein die nucleic acid target or template molecule is polyadenylated at its 
3'-end (e.g., poly(A) RNA or mRNA), and/or at least one of the primers or 
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oligonucleotides of the invention contains a polyCT) sequence, and/or at least 
one of the other of the primers or oUgonucleotides of the invention contains at 
. least one deoxyinosine residue. In a related aspect, the template or target 
nucleic acid is an mRNA molecule, at least one piimer/oligonucleotide is 
5 labeled and comprises a poly(T) sequence and at least one 

primei/oUgonucleotide comprises at least one deoxyinosine residue. 

As will be further appreciated, the oUgonucleotides of the invention 
may be employed in other amplification methods, such as those involving the 
appUcation of PGR to the amplification of cDNA-ends derived fiom mRNAs 
10 using a single gene specific primer. Thus, oligonucleotides of the mvention 

can be used in methods such as "RT-PCR," "5'-RACE," "anchor PGR" and 
-one-sided PGR" which facilitate the capture of a sequence from the 5'-ends of 
mRNA. The methods of the invention are adaptable to many methods for 
ampUfication of nucleic acid sequences, including, without limitation, PGR, 
15 LCR. SDA and NASBA, and other amplification systems known to ttiose of 

ordinary skill in the art. 

In other embodiments, the inventive oUgonucleotides can be specific 
sequences not initiaUy present in the target nucleic acid sequences or gene 
target of interest (e.g. aUele specific PGR). In such aspect, an adaptor or tail 

20 sequence is first introduced to the target or template molecules. Such adaptor 

molecules can be attached by a variety of methods. Such as Ugation to the 
target or template or may be added through a synthesis reaction (such as PGR) 
in which the adaptor or taU sequence is part of one or more primers used to 
synthesize one or more nucleic acid molecules complementary to the target or 

25 template. Such tailed or adaptor containing templates or target sequences may 

than be detected through the use of one or more oUgonucleotides of the 
invention according to the methods described herein. Thus, the invention also 
provides universal detection oUgonucleotides for detecting a variety of 
sequences. In this way. a particular universal oUgonucleotide of the invention 

30 may be used to detect any number of target or template molecules simply by 

adding by a number of methods one or a number of adaptor sequences all of or 
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particular of which are complementary to the universal oUgonucleotides of the 
invention. See Example 20. In one aspect, an universal oUgonucleotide will 
anneal to any nucleic acid sequence to which a complementary (to the primer) 
adaptor terminal sequence has been added or attached. With a universal 

5 oUgonucleotide. care must be taken to isolate the nucleic acid of interest, or 

otherwise direct the Ugation procedure only to the sequence of interest, to 
avoid randomly attaching the "adaptor'* to all nucldc acid sequences present 
(U.S. 6,174,709). In another aspect, a universal oUgonucleotide may be 
employed which anneals or is complementary to a known vector sequence 

0 flanking the target sequence. Such vector sequences which may be used as 

adaptor molecules are known in the art and commercially available include 
pUOMlS. pBR322, lambdagtlO, lambdagtll and the like (U.S. 5.876,936). 
The adaptor may be derived from a universal primer, such as pUC/M13, 
lambdagtlO, lambdagtll. and the Uke. (See Sambrook et aL, Molecular 

15 Cloning: A Laboratory Manual. 2nd ed.. CSHL. 1989. Section 13) and one or 

more primers containing such adaptor sequences may be added to the target or 
template molecules by a nucleic acid synthesis reaction (such as PGR). 

In another aspect of the invention, the invention is directed to a method 
for determining the activity or amount of a polymerase in a sample. 

?0 comprising ampUf ying a nucleic acid molecule, comprising: 

(a) providing a first and second primer, wherein said first primer is 
complementary to a sequence within or at or near the 3 '-termini of the first 
strand of said nucleic acid molecule and said second primer is complemimtaiy 
to a sequence within or at or near the 3 '-termini of the second strand of said 

25 nucleic acid molecule; 

(b) hybridizing said first primer to said first strand and said second 
primer to said second strand in the presence of said polymerase, under 
conditions such that a third nucleic acid molecule complementary to aU or a 
portion of said first strand and a fourth nucleic acid molecule complementary 

30 to aU or a portion of said second strand are synthesized; 
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(c) denaturing said first and third strands, and said second and fourth 
strands; 

(d) repeating steps (a) to (c) one or more times; and 

(e) detecting the amplification product, wherein at least one of the 
primens is an oUgonucleotide of the present invention, and wherein the amount 
of the amplification product produced is indicative of the activity or amount of 
the polymerase. 

In some embodiments, the amount of the amplification product 
produced is determined by detecting a change in one or more fluorescent or 
other detectable properties of an incorporated detectable label. 

Generally, the invention thus relates to a method for determining the 
activity or the amount of a polymerase or reverse transcriptase in a sample 
comprising: 

(a) mixing a sample thought to contain a polymerase or reverse 
transcriptase with one or more nucleic acid templates and one or more labeled 
oligonucleotides of the invention; 

(b) incubating said mixture under conditions sufficient to allow 
synthesis or amplification of one or more nucleic acid molecules 
complementary to all or a portion of said templates, wherein said synthesized 
or amplified nucleic acid molecules comprise said oUgonucleotides; and 

(c) determining the activity or amount of said polymerase or 
reverse transcriptase in said sample based on detection of one or more 
detectable labels. 

In another aspect, the invention relates to quenching background 
fluorescence or other detectable properties during detection of nucleic acid 
molecules or polymerases in accordance wi A the methods of tiie invention. In 
this aspect of the invention, one or more quenching agpnts which bind one or 
more labeled single-stranded nucleic add molecules arc used to quench the 
fluorescence or other detectable properties produced by such single-sttanded 
molecules. In a preferred aspect, tfie quenching agent is specific for single- 
stranded molecules and wiU not substantiaUy interact witii double-stranded 
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labeled nucleic acid molecules. Thus, labeled oligonucleotides of the 
invention (fluorescent or other detectable labels) will be quenched or 
substantially quenched in the presence of such agents. Upon interaction with 
the target molecule (e.g. hybridization) or during amplification or synthesis 
reactions, the double-stranded nucleic acid molecule formed which comprises 
the labeled oUgonucleotides of the invention (fluorescent or other detectable 
label) wiU not substantially interact with such agents and thus wiU not be 
substantially quenched by such agents. This aspect of the invention thus 
allows for reduced background fluorescence (or reduced background of the 
detectable properties) and enhanced detection of target nucleic acid molecules 
in the methods of the invention. Preferred quenchers for use in the invention 
include one or more single-stranded binding proteins (SSB). Such SSB are 
known in the art (U.S. 5.449,603 and U.S. 5,605,824). In another aspect, such 
quenching agents may include blocking oligonucleotides which contain one or 
more quenchers, for example, DABCYL. In another aspect, the quenching 
moiety may be part of the oUgonucleotide of die invention. For example, one 
or more quenching moieties may be incorporated into one or more stem 
structures of the hairpin of the invention. Such stem structures may also 
incorporate one or more labels and, in the hairpin configuration, the quenching 
moieties reduce the level of background activity of the label. Upon 
denaturation (unfolding) of the stem stnicture, the quenching of the label is 
reduced or prevented. 

In another embodiment, the invention relates to a composition 
comprising one or more labeled oligonucleotides of the invention, wherein the 
label is a detectable label, and wherein the oligonucleotide is selected from the 
group consisting of DNA and RNA. The labeled oUgonucleotides of the 
invention may be primers and/or probes, depending on the use. The 
compositions of the invention may further comprise one or more components 
selected from the group consisting of one or more polymerases, one or more 
quenching agents, one or more nucleotides, one or more nucleic acid 
molecules (which may be templates or nucleic acid molecules which may 
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comprise one or more oligonucleotides of the invention), and one or more 
buffering salts. 

In another embodiment of the invention, the oligonucleotide label is a 
member of a FRET pair. In this embodiment, one or more labeled 

5 oUgonucleotides of the invention containing single or multiple members of a 

FRET pair internally, and/or. at or near the 3'- and/or 5'-end. In a preferred 
aspect, the labeled moiety is one or more fluorescent moieties whose emission 
may then be measured to assess the progress of the reaction. 

The present invention also relates to kits for the detection or 

LO measurement of nucleic acid synthesis or ampUfication products or for the 

measurement or detection of nucleic acid molecules. Such kits may be 
diagnostic kits wherein the presence of the nucleic acid being hybridized, 
amplified or synthesized is correlated with the presence or absence of a 
disease or disorder. Kits of the invention may also be used to detect or 

15 determine activity or amount of a polymerase in a sample. In addition, kits of 

the invention may be used to carry out hybridizatioir, synthesis, amplification 
or other extension reactions using the .oligonucleotides of the invention. 
Preferred kits of the invention may comprise one or more containers (such as 
vials, tobes, and the like) configured to contain the reagents used in the 

20 methods of the invention and optionally may contain instructions or protocols 

for using such reagents. The kits of the invention may comprise one or more 
components selected from the group consisting of one or more 
oligonucleotides of the invention (including, but not limited to, probes and/or 
primers), one or more DNA polymerases, such as a thermostable polymerase, 

25 one or more reverse transcriptases, or any other DNA or RNA polymerase, 

one or more agents capable of quenching one or more of the labels, one or 
more buffers or buffering salts, one or more nucleotides, one or more 
target/template molecules (which may used for determining reaction 
performance, i.e., control reactions) and other reagents for analysis or further 

30 manipulation of the products or intermediates produced by the methods of the 

invention. Such additional components may include components used for 
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cloning and/or sequencing and components or equipment needed for the 
detection or quantification of the nucleic acid molecule of interest 

The invention also relates to any of the products or intermediates (e.g, 
nucleic acid molecules) produced by carrying out the methods of the 
invention. The invention also relates to vectors or host cells containing such 
products or intermediates produced by the methods of the invention. 
Introduction of such vectors into host cells may be accompUshed using any of 
the cloning and transformation techniques known to those skilled in the art. 

The invention further relates to a method for synthesizing or 
ampUf ying one or more nucleic acid molecules comprising: 

mixing one or more nucleic acid templates or targets with one or more 
oligonucleotides, wherein said one or more of said oUgonucleotides comprises 
at least one modified oligonucleotide; and 

incubating said mixture under conditions sufficient to synthesize or 
ampUfy one or more nucleic acid molecules complementary to all or a portion 
of said templates or targets. 

The invention further relates to a method for synthesizing or 
amplifying one or more nucleic acid molecules, wherein the specificity of the 
nucleic acid synthesis or amplification is increased, comprising: 

mixing one or more nucleic acid templates or targets with one or more 
oUgonucleotides. wherein said one or more of said oligonucleotides comprises 
at least one hairpin stracture; and 

incubating said mixture under conditions sufficient to synthesize or 
amplify one or more nucleic acid molecules complementary to all or a portion 
of said templates or targets, wherein the synthesis or amplification has 
increased specificity when compared to amplification or syntiiesis conducted 
with an oligonucleotide not in a hairpin confonnation. 

The invention further relates to a method for synthesizing or 
amplifying one or more nucleic acid molecules, wherein die specificity of the 
nucleic acid synthesis or amplification is increased, comprising: 
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mixing one or more nucleic add tenqilates or taigpts with one or more 
oUgonucleotides, wherein said one or more of said oUgonucleotides comprises 
at least one modified oligonucleotide; and 

incubating said mixture under conditions sufficient to syntfiesize or 
amplify one or more nucleic acid molecules complementary to all or a portion 
of said templates or targets, wherdn the synthesis or amplification has 
increased specificity when compared to amplification or synthesis conducted 
with an unmodified oligonucleotide. 

The invention further relates to a method for synthesizing or 
amplifying one or mote nucleic acid molecules, wherein the synthesis or 
amplification inhibits or reduces mis-priming, comprising: 

mixing one or more nucleic acid templates or targets with one or more 
oHgpnucleotides, wherein said one or more of said oUgonucleotides comprises 
at least one hairpin structure; and 

incubating said mixture under conditions sufficient to synthesize or 
amplify one or more nucleic acid molecules complementary to all or a portion 
of said templates or targets, wherein the syatiiesis or amplification inhibits or 
reduces mis-priming when compared to amplification or synthesis conducted 
witii an oligonucleotide not in a hairpin conformation. 

The invention fiirther relates to a method for synthesizing or 
amplifying one or more nucleic add molecules, v^iierein the synthesis or 
amplification inhibits or reduces mis-priming, comprising: 

mixing one or more nucleic add templates or targets with one or more 
oUgonucleotides, wherein said one or more of said oUgonucleotides comprises 
at least one modified oUgonucleotide; and 

incubating said mixture under conditions suffident to synthesize or 
ampUfy one or more nucleic acid molecules complementary to aU or a portion 
of said templates or targets, wherein the synthesis or ampUfication inhibits or 
reduces mis-priming when compared to ampUfication or synthesis conducted 
with an uiunodified oUgonucleotide. 
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OUgonucleotides of the present invention may be in the fonn of a 
modified nucleotide, such as a deoxynucleotide or ribonucleotide modification 
or a 2'- or 3' -substituted modification, for example, without limitation, a T- or 
3'-alkyl, alkyloxy, alkylamino, alkylthio, aryl, or aryloxy modification, or a 
5 2'- or 3'-0-alkyl or T- or 3*-0-aryl modification, preferably, a 2'-0-methyl 

modification of the nucleotide residue at or near tfie 3*-termini. Methods of 
preparing 2*-0-alkyl modifications are shown according to U.S. 6,090,932. 
Such OUgonucleotides may mcoiporate more tiian one of the characteristics 
^ described above or combinations thereof. For example, an oUgonucleotide 

10 may comprise one or more labels and/or one or more specificity enhancing 

groups and/or one or more hairpins and/or one or more nucleotide 
modifications, preferably, a 2'-0-metiiyl modification of the nucleotide 
residue at or near tfie 3'-teraiini. As will be fijrther appreciated, tiie modified 
oUgonucleotide sequences of the invention may be employed in otiier 
15 ampUfication metiiods, such as tiiose involving the appUcation of PGR to the 

amplification of cDNA-ends derived fix)m mRNAs using a single gene 
specific primer. Thus, modified OUgonucleotides of the invention can be used 
in metiiods such as "RT-PCR," "5*-RACE," "anchor PGR" and "one-sided 
PGR." The metiiods of the invention are adaptable to many metiiods for 
ampUfication of nucleic acid sequences, includmg PGR, LCR, SDA and 
NASBA, and otfier ampUfication systems known to tfiose of ordinary skiU in 
the art. 

The invention further relates to a composition comprising one or more 
nucleic acid molecules and at least one oUgonucleotide, wherein at least a 

25 portion of said oUgonucleotide is capable of hybridizing witii at least a portion 

of said nucleic acid molecule and wherein said oUgonucleotide comprises a 
modified nucleotide or a 2' -substituted nucleotide modification, prefoably, a 
2'-0-metfiyl ribonucleotide modification at or near ttie 3'-teraiinal nucleotide. 
Such reaction mixtures or compositions of die present invention may fuitiier 

30 cominise one or more conqwnents selected from tiie group consisting of one 

or more nucleotides, one or more DNA polymerases, one or more reverse 
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transcriptases, one or more buffers or buffering salts, one or more target or 
template molecules and one or more products produced by a hybridization or 
synthesis/amplification reaction of the present invention. 

The invention further relates to a method for amplifying a double- 
5 stranded nucldc acid molecule, comprising: 

(a) providmg a first and second primer, wherein said first primer is 
complementary to a sequence within or at or near the 3'-teimini of the first 

strand of said nucleic molecule and said second primer is complementary to a 
sequence within or at or near the 3'-tetmini of the second strand of said 

10 nucleic acid molecule; 

(b) hybridizing said first primer to said first strand and said second 
primer to said second strand in the presence of one or more of the 
polymerases, under conditions such that a third nucleic acid molecule 
complementary to aU or a portion of said first strand and a fourth nucleic add 

15 molecule complementary to all or a portion said second strand are synthesized; 

(c) denaturing said first and third strand, and said second and 
fourth strands; and repeatmg the above steps one or more times, wherein one 
or more of the primers comprise a nucleotide modification at or near the 3'- 
terroinal nucleotide. 

20 The invention fiirther relates to a method of detennining the presence ( 

of at least one nucleotide of interest at a specific position in a target nucleic 
acid molecule, comprising: 

(a) contacting at least one target nucleic acid molecule having said 
nucleotide of interest at a specific position on a target nucleic acid molecule 

25 with at least one oUgonucleotide. wherein at least a portion of the 

oUgonucleotide is capable of forming base pairs or hybridizing with at least a 
portion of the target nucleic add molecule and wherdn the oligonucleotide 
comprises a nucleotide modification at or near the 3'- terminal nucleotide; and 

(b) incubating the oUgonucleotide and the target nucleic add 
30 molecule under conditions sufficient to cause extension of the oUgonucleotide 

when the 3'-most nucleotide of the oUgonucleotide base pair with the 
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nucleotide at the specific position of the target nucleic acid molecule, wherein 
the presence of or increased production of an extension product indicates the 
presence of the particular nucleotide at tiie specific position. 

The invention further relates to a metiiod of determining the absence of 
5 at least one nucleotide at a specific position in a target nucleic acid molecule, 

comprising: 

(a) contacting at least one target nucleic acid molecule having said 
nucleotide of interest at a specific position on tiie target nucleic add molecule 
with at least one oUgonucleotide, wherein at least one portion of tiie 

LO oligonucleotide is capable of forming base pairs or hybridizing witii at least a 

portion of the target nucleic acid molecule and wherein tiie oligonucleotide 
comprises a nucleotide modification at or near tiie 3'-tenninal nucleotide; and 

(b) incubating tiie oHgonucleotide and target nucleic acid molecule 
under conditions sufficient to inhibit or prevent extension of tiie 

15 oUgonucleotide when tiie 3'-most nucleotide of flie oUgonucleotide does not 

substantially base pair witii tiie nucleotide of tiie specific position of tiie target 
nucleic acid molecule, wherein the lack of or reduced production of an 
extension product indicates tiie absence of tiie particular nucleotide at flie 
specific position. 

The invention fiirtiier relates to a metiiod of detennining tiie presence 
or absence of a nucleotide at a specific position in a target nucldc acid 

molecule, comprising: 

(a) contacting at least first oUgonucleotide witfi at least one target 
nucleic acid molecule under conditions sufficient to cause extension of tiie 

25 first oUgonucleotide when flie 3'-most nucleotide of tiie oUgonucleotide base 

pairs witii tiie nucteotide at tiie specific position of tiie target nucleic acid 
molecule, wherein said first oUgonucleotide comprises a nucleotide 
modification at or near tiie 3'-tenninal nucleotide; 

(b) contacting at least a second oUgonucleotide witfi at least one 
30 target nucleic acid molecule under conditions sufficient to inhibit or prevent 

extension of tfie oUgonucleotide when tiie 3'-most nucleotide of tiie 
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oUgonucleotide do not substantiaUy base pair with the nucleotide at the 
specific position of the target nucleic add molecule, wherein said second 
oUgonucleotide comprises a nucleotide modification at or near the 3'- tenninal 
nucleotide; and 

5 (c) comparing the level of extension or the amount of extension 

product accomplished with the first oUgonucleotide compared to the second 
oligonucleotide. 

the invention further relates to a method for synthesizing or 
amplifying one or more nucleic acid molecules comprising: 
10 (a) mixing one or more nucleic acid templates or targets with one 

or more oUgonucleotides. wherein said one or more of said oUgonucleotides 
comprise a nucleotide modification at or near the 3'-terminal nucleotide; and 

(b) incubating said mixture under conditions sufficient to 
synthesize or amplify one or more nucleic acid molecules complementary to 
15 all or a portion of said templates or targets. 

The invention fiirther relates to a method for synthesizing or 
amplifying one or more nucleic acid molecules, wherein the specificity of the 
nucleic acid synthesis or amplification is increased, comprising: 

(a) mixing one or more nucleic acid templates or targets with one 
20 or more oligonucleotides, wherein said one or more of said oUgonucleotides 

comprisesanucleotidemodificationatornearthe3*-terminalnucleotide; and 

(b) incubating said mixture under conditions sufficient to 
synthesize or ampUfy one or more nucleic add molecules complementary to 
all or a portion of said templates or targets, wherein the syntiiesis or 

25 ampUfication has increased specificity when compared to ampUfication or 

synthesis conducted with an oUgonucleotide not modified with a nucleotide 
modification at or near the 3*-terminal nucleotide. 

This invention further relates to a nucleotide analogue having the 

formula: 
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where, 

X is selected from the group consisting of -O- , -S-, -SO-, -SO2-, -Se-, 
5 C(R8R9), -N (RioRn), NRio. P(02), and P(0)-0-Ri2; 

Ri is selected from the group consisting of nucleobases, heteroaiomatic 

groups, heterocyclic group and aryl; 

R2 is selected from the group consisting of H, alkyl, alkyloxy, 
alkylamino, alkyhnercapto, aryl, aryloxy, carboxyUc acid, carboxamide, 
10 aminoacid, hydroxyacid, peptide, sugar, hydroxy, amino and thio; 

R3 is selected from the group consisting of H, alkyl, alkyloxy, 
alkylamino, alkyhnercapto, aryl, aryloxy. caiboxyUc add, carboxamide, 
aminoacid, hydroxyacid, peptide, sugar, hydroxy, amino and Ihio; 

each R4 is independently selected from the group consisting of 
15 hydroxy, alkoxy, amino and thio; 

Rs is selected from the group consisting of H, alkyl, alkyloxy, 
alkylamino, alkylmercapto, aryl, aryloxy, carboxyUc acid, carboxamide, 
aminoacid, hydroxyacid, peptide, sugar, hydroxy, amino and thio; 

U is selected from the groOp consisting of nucleobases, hetroaromatic 
20 groups, hetrocyclic group and aryl; 

R« is R2 when U = CR«, NRto, N or R« is absent when U = - O -, - S-, 

-SO-, -SOr, -Se-; 
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R7 is selected from the group consisting of triphosphate, diphosphate, 
monophosphate, phosphorotioate, oUgonucleotide. nucleic acid. DNA. RNA, 

LNA[JWllandPNA; 

Rg is selected from the group consisting of H. alkyl, alkyloxy. 
alkylamino. alkyhnercapto. aryl. aryloxy. carboxyUc acid, carboxamide. 
aminoacid. hydroxyadd. peptide, sugar, hydroxy, amino and thio; 

R9 is selected from the group consisting of H. alkyl. alkyloxy. 
alkylamino, alkyhnercapto, aryl. aryloxy, carboxyUc acid, carboxamide. 
aminoacid. hydroxyacid. peptide, sugar, hydroxy, amino and thio; and 

Rio. Rii. and R12 are the same or different and are selected from the 
group consisting of alkyl. alkyloxy. alkylamino. alkyhnercapto. aryl. aryloxy. 
carboxyUc acid, carboxamide. aminoacid. hydroxyacid, peptide and sugar. 

In another aspect, this present invention provides oUgonucleotides 
comprising one or more of nucleotide analogues. The oUgonucleotides of the 
invention may comprise one or more of such nucleotides at any one or a 
number of positions within or at or near the 5'- and/or 3'-termim of the 
oUgonucleotide. Moreover, the oUgonucleotides nmy incorporate more than 
one of the characteristics described above or comWnantions thereof. For 
example, an oUgonucleotide may comprise one or more labels and/or one or 
more specificity enhancing groups and/or one or more hairpins and/or one or 
more nucleotide analogues. 

This invention further relates to a composition comprising one or more 
nucleic acid molecules and at least one oUgonucleotide. wherein at least a 
portion of said oUgonucleotide is capable of hybridizing with at least a portion 
of said nucleic acid molecule and wherein said oUgonucleotide is an 
oUgonucleotide of the invention or is an oUgonucleotide which comprises one 
or more nucleotide analogues. 

The invention furtiier relates to a method of making a composition. 

con^rising the steps of: 

(a) providing at least one oUgonucleotide; and 
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(b) contacting said oUgonucleotide with at least one nucleic acid 
molecule, wherein at least a portion of said oUgonucleotide is capable of 
hybridizing with at least a portion of said nucleic acid molecule and wherein 
said oUgonucleotide is an oUgonucleotide of the invention or is an 
5 oUgonucleotide which comprises one or more nucleotide analogues. 

The invention further relates to a composition for quantifying or 
detecting one or more target nucleic acid molecules in a sample comprising 
one or more oUgonucleotides and one or more target nucleic acid molecules to 
be detected or quantified, wherein said oUgonucleotides is an oUgonucleotide 
10 of the invention or is an oUgonucleotide which contains one or more 

nucleotide analogues. 

Hie invention further relates to a method for the quantification or 
detection of one or more target nucleic acid molecules in a sample comprising 
hybridizing one or more oUgonucleotides with one or more molecules to be 
15 detected or quantified, and detecting the presence or absence and/or 

quantifying the amount of said target nucleic add molecules, wherein said 
oUgonucleotides is an oUgonucleotide of the invention or is an oUgonucleotide 
which contains one or more nucleotide analogues. 

The invention further relates to a method for the quantitation or 
v20 detection of one or more nucleic acid molecules in a sample during nucleic 

acid synthesis comprising: 

(a) mixing one or more nucleic acid templates with one or more 
oUgonucleotides, wherein said oUgonucleotides are oUgonucleotides of the 
invention or arc oUgonucleotides that contain one or more nucleotide 

25 analogues; 

(b) incubating said mixture under conditions sufficient to 
synthesize one or more nucleic add molecules complementary to aU or a 
portion of said templates, said synthesized nucldc acid molecule comprising 
said oUgonucleotides; and 
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(c) detecting the presence or absence or quantifying the amount Of 
said synthesized nucleic acid molecules by measuring the amount of nucleic 
acid molecules synthesized in said sample. 

The invention further relates to a method for quantitation or detection 
5 of one or more nucleic acid molecules in a sample during nucleic acid 

amplification comprising: 

(a) mixing one or more nucleic acid templates with one or more 
oUgonucleotides, wherein said oUgonucleotides are oUgonucleotides of the 
invention or are oUgonucleotides that contain one or more nucleotide 

10 analogues; and 

(b) incubating said mixture under conditions sufficient to ampUfy 
one or more nucleic acid molecules complementary to all or a portion of said 
templates, said amplified nucleic acid molecule comprising said 
oligonucleotides; and 

15 (c) detecting the presence or absence or quantifying the amount of 

said nucleic acid molecules by measuring the amount or the presence or 
absence of nucleic acid molecules amplified in said sample. 

The invention further relates to the method for ampUfying a double 

stranded nucleic add molecule, comprising: 
20 (a) providing a first and second primer, wherein said first primer is 

complementary to a sequence within or at or near the S'-temiini of the first 
strand of said nucleic molecule and said second primer is complementary to a 
sequence within or at or near the 3'-termini of the second strand of said 
nucleic add molecule; 

25 (b) hybridizing said first primer to said first strand and said second 

primer to said second strand in the presence of one or more of polymerases, 
under conditions such that a third nucleic add molecule complementary to all 
or a portion of said first strand and a fourth nucleic acid molecule 
complementary to all or a portion said second strand are synthesized; 

30 (c) denaturing said first and third strand, and said second and 

fourth strands; and 
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(d) repeating the above Steps one or more times. wh«eto o« « 

of the are oli^nuoleotide, of the invention or 

oUgonncleotite that compriseoneormoreof the nucleotide analogues. 

Tta invention further «l.tes to a .nethod of .feternuning tl» presence 
5 one or mote particular nucleotides at a specific position or portions m a 

taiaet nucleic acid molecule, comprising: 

(a) contacting at leas, one target nucleic acid molecule h«mg one 

„ n»re nucleotides of interest at a specific position or positions on a target 
nudeic acid molecde «ith at leas, one oligonucleotide. «he«i. 1«« • 
10 portion of the oUgonucleotide is capable of foxing base pairs or h^d-zmg 

1 a. least a portion of titc targe, nucleic acid molecule and whe,e.n t^ 
oUgonucleotide is m oUgonucl«>tide of «» invention or is an oligonucleotide 
which comprises one or more nucleotide analogues; aid . 
(b) incubating *e oligonucleottde «Kl tt» targe, noctac «ad 

15 motecule under conditions sufficient to cause extension of the oBgon«l«-ide 
When *e 3-^.s. nucleotide or nucleotides of ti« oligonucleotide base p^ 
Witt. ^ ^Kleotide or nucleotides a. fl» specific position or positions of *e 
targe. nucleic acid molec«le. »he«in fte P«H««ction of an extension product 

indicatestitepresenceofti^particularnucleotideatthespecificposition. 
20 'n,einventionfurti««l..es.oame.hodofdetermining.hed»enceof 
oceormo.eparticularnucleotidesataspecificpositionorp~itionsina.arge. 

nucleic acid molecule, comprising: 

\.) conttcting at leas, one tiirge. nucleic acid molecule havmg one 

or mo« nucleotide, of i.«es. at a sp^ific position or positions on .arge. 
« nucleic acid molecule vritt. a. leas, one oUgo««de«ide. therein at least one 

portion of the ohgonucleotide is capable of fonning base p»rs «r hybndmng 
L at least a portion of d,e «get nucleic acid molecule a«i «he,e« *e 
oUgonudeotide comprises one or more nucleotide analogues; and 

(b) i™:ubatingU«oUgonucleotide and urge, nucleic «Sd molecule 

30 under conditions sufBcien. u, inhibi. or prevent extension of the 

ohgonucleotide when d« 3--mos. nucleotide or nucleotides of *e 
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oUgonucleotide does not substantiaUy base pair with the nucleotide or 
nucleotides of the specific position or positions of the targpt nucleic acid 
molecule, wherein the lack of or reduced production of an extension product 
indicates the absence of the particular nucleotide at the specific position. 
5 The invention further relates to a method of determining the presence 

or absence of one or more particular nucleotides at a specific position or 
positions in a target nucldc acid molecule, comprising: 

(a) contacting at least a first oUgonucleotide with at least one targpt 
nucleic acid molecule under conditions sufficient to cause extension of the 

10 first oUgonucleotide when the 3'-most nucleotide or nucleotides of the 

oligonucleotide base pairs with tiie nucleotide or nucleotides at the specific 
position or positions of the target nucleic add molecule; 

(b) contacting at least a second oUgonucleotide with at least one 
target nucleic acid molecule under conditions sufficient to inhibit or prevent 

15 extension of tiie oUgonucleotide when die 3'-most nucleotide or nucleotides of 

tiie oUgonucleotide do not substantiaUy base pair witii die nucleotide or 
nucleotides at die specific position or positions of tiie target nucleic acid 
molecule; and 

(c) comparing tfie level of extension or die amount of extension 
20 product or die presence or absence of extension product accompUshed widi die 

first oUgonucleotide compared to die second oUgpnucleotide. wherein said 
first and/or second oUgonucleotide is an oUgonucleotide of die invention or is 
an oUgonucleotide which comprises one or more nucleotide analogues. 

Hie invention fiirdier relates to a mediod of determining die presence 
25 or absence of at least one particular nucleotide of interest at a specific position 

in a target nucleic acid molecule, comprising: 

(a) providing at least one target nucleic acid molecule having said 
nucleotide of interest at a specific position; 

(b) contacting said target nucleic acid molecule witfi at least one 
30 oUgonucleotide, wherein at least a portion of die oUgonucleotide is capable of 

forming base pairs or hybridizing widi at least a portion of die nucleic acid 
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molecule and wherein the oUgonucleotide is an oligonucleotide of the 
invention or is an oligonucleotide which comprises at least one nucleotide 
analogue; and 

(c) contacting tiie oUgonucleotide and tiie target nucleic acid 
5 molecule with a polymerase less able to extend die oUgonucleotide when the 

3'.most nucleotide of the oUgonucleotide does not base pair witii the target 
nucleic acid and moie able to extend the oUgonucleotide when die 3'-most 
nucleotide of die oUgonucleotide base pairs witii die target nucleic acid 
molecule; and optimaUy measuring die level of extension or amount of 
10 extension or presence or absence of extension of die oUgonucleotide. 

The invention furdier relates to a mediod for syn&esizing or 
ampUfying one or more nucleic acid molecules comprising: 

(a) mixing one or more nucleic acid templates or targets widi one 
or more oUgonucleotides. wherem said oUgonucleotides is an oUgonucleotide 

15 of die invention or is an oUgonucleotide which comprises one or more 

nucleotide analogues; and 

(b) incubating said mixture under conditions sufficient to 
syndiesize or ampUfy one or more nucleic acid molecules complementary to 
all or a portion of said templates or targets. 

^0 In addition, kits of die invention may be used to carry out 

hybridization, syndesis, amplification or otfia extension reactions using die 
oUgonucleotides of die invention. Preferred kits of die invention may 
comprise one or more containers (such as vials, tubes, and die Uke) configured 
to contain die reagents used in die metiiods of die invention and optionaUy 

25 may contain instructions or protocols for using such reagents. The kits of die 

invention may comprise one or more components selected from die group 
consisting of one or more oUgonucleotides of die invention (including, but not 
Umited to, probes and/or primers), one or more DNA polymerases, such as a 
diermostable polymerase, one or more reverse transcriptases, or any odier 

30 DNA or RNA polymerase, one or more agents capable of quenching one or 

more of die labels, one or more buffers or buffering salts, one or more 
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nucleotides, one or more target/template molecules (which may used for 
detemiining reaction performance, i.e.. control reactions) and other reagents 
for analysis or further manipulation of the products or intermediates produced 
by the metiiods of the invention. Such additional components may include 
components used for cloning and/or sequencing and components or equipment 
needed for the detection or quantification of tiie nucleic acid molecule of 
interest. 

The invention further relates to a kit for use in synthesis of a nucleic 
acid molecule, said kit comprising one or more oUgonucleotides that are 
oUgonucleotides of tiie invention or are oUgonucleotide comprising nucleotide 

analogues of the invention. 

The invention further relates to a kit for use in ampUfication of a 
nucleic add molecule, said kit comprising one or more oUgonucleotides that 
are oUgonucleotides of the invention or are oUgonucleotides compri^g 

15 nucleotide analogues of tihie invention. 

The invention further relates to a kit for the detection or measurement 
of nucleic acid synthesis or ampUfication products comprising one or more 
oUgonucleotides that are oUgonucleotides of the invention or are 
oUgonucleotides comprising nucleotide analogues of the invention. 

20 The invention further relates to a method of detecting a single 

nucleotide polymorphism comprising the steps of: 

(a) contacting at least a first oUgonucleotide with at least one target 
nucleic acid molecule under conditions sufficient to cause extension of the 
first oUgonucleotide when tiie 3'-most nucleotide or nucleotides of the 

25 oUgonucleotide base pairs with the nucleotide or nucleotides at tiie specific 

position or positions of the target nucleic acid molecule; 

(b) contacting at least a second oUgonucleotide witii at least one 
target nucleic acid molecule under conditions sufficient to inhibit or prevent 
extension of tiie oUgonucleotide when ttie 3'-most nucleotide or nucleotides of 
Uie oUgonucleotide do not substantially base pair with the nucleotide or 



30 
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nucleotides at the specific position or positions of the target nucleic add 
molecule; and 

(c) comparing the level of extension or the amount of extension 
product or the presence of absence of extension product accompUshed with the 
first oUgonucleotide compared to the second oUgonucleotide, wherein said 
first and/or second oUgonucleotide is an oligonucleotide of die invention or is 
an oligonucleotide which comprises one or more nucleotide analogues. 

The invention further relates to an oUgonucleotide comprising: a 
cytosine or guanine or analog of the cytosine or guanine at the 3'-termini, and 
one or more detectable labels on at least the second, third, fourth, fifth or sixth 
base from the 3'-termini. 

The invention further relates to an oUgonucleotide comprising: an 
adenine or thymidine at the 3*-termini, an overhanging guanine at the 5'- 
termini, and one or more detectable labels located intemally. 



BIOEF DESCRIPTION OF THE HGURES 

Figs. lA-B are schematic representations of the homogeneous/real- 
time detection system of the invention. A change in one or more fluorescent 
or other detectable properties can be detected eitiier through the incorporation 
of the labeled primer into tiie double-stianded ampUfication product (lA), or 
tiirough the direct hybridization of the labeled probe to the nucleic acid target 
(IB). In accordance with the invention, the nucleic acid molecules detected or 
quantified can be a synthesized or ampUfied product or a nucleic acid 
molecule found in nature. Such nucleic acid molecules may be single- or 
double-stranded and can be RNA, DNA or RNA/DNA hybrids. In accordance 
with the invention, any one or more labels (which may be the same or 
different) may be used. 

Figs. 2A-B are Une graphs of fluorescent intensity as a function of 
temperature which show the effect of hybridization on die fluorescence of 
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intemaUy (2A) and S'-fluorescein labeled (2B) oUgonucleotides. Labeled 
oligonucleotides were tested for fluorescence under different temperatures. 
Single-stranded (SS) or double-stranded (DS) oUgonucleotides were melted as 
described in Example 4. For 5'-labeled oligonucleotides, conversion from SS 
5 oUgonucleotides to DS oUgonucleotides caused a decrease in fluorescence, 

while for internally labeled oUgonucleotides, conversion from SS 
oUgonucleotides to DS oUgonucleotides caused an increase in fluorescence. 

Fig. 3 is a Une graph of fluorescent intensity as a function of 
wavelength which shows fluorescence of 3'-TAMRA oUgonucleotide in the 
10 presence of complementary and non-complementary oligonucleotides. In the 

presence of complement (to create a double-stranded molecule), the 
fluorescence increased compared to the single-stranded form (see Example 5). 

Fig. 4 is a Une graph of fluorescence as a function of wavelength 
which shows the effect of hybridization on the fluorescence of 
15 oUgonucleotides 5'-labeled with fluorescein and BODIPY 530/550. In the 

presence of the complement oUgonucleotide (to create a double-stranded 
molecule), the fluorescence increased in case of BODIPY dye and decreased 

in case of fluorescein. 

Fig. 5A is a Une graph of fluorescent intensity as a function of the 

20 number of cycles of ampUfication performed which shows quantitative PGR of 

IL4 cDNA with an internally labeled primer. PCR was paforajed as 
described in Example 7. Data from ABI PRISM* 7700 Sequence Detector 
were treated according to the manufacturer's instructions with minor 
modifications (Fig. SB). Fig. 5C is a standard curve plotting the number of 

25 cycles of ampUfication against the startmg quantity of template DNA. 

Fig. 6 is a Une graph of fluorescent intensity as a function of the 
number of cycles of ampUfication performed which shows IL4 cDNA PGR 
with a primer post-syntheticaUy labeled with fluorescein. PGR was performed 
as described in Example 8. Real-time ampUfication data were exported from 

30 ABI PRISM® 7700 Sequence Detector in Excel. 
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Fig. 7 is a line graph of fluorescent intensity as a function of the 
number of cycles of ampUfication performed which shows detection of beta- 
actin cDNA by PGR with a primer intemaUy labeled with fluorescein. PGR 
was performed as described in Example 9. 

5 Fig. 8 is a line graph of fluorescent intensity as a function of the 

number of cycles of amplification performed which shows beta-actin cDNA 
PGR with a primer internally labeled through a 5'-del»ction tail. PGR was 
performed as described in Example 10. 

Fig. 9 is a schematic representation of allele specific PGR. 

10 Fig. 10 is a photograph of an agarose gel showing the results of an 

allele specific PGR reaction comparing the primers of the present invention to 
standard primers. 

Fig. His a plot of fluorescence as a function of the number of cycles 
of PGR performed in an allele specific PGR reaction comparing the hairpin 
15 primers of the present invention to standard linear primers. 

Fig. 12 is a plot of fluorescence as a function of the number of cycles 
of PGR performed in an allele specific PGR reaction comparing the hairpin 
primers of the present invention to standard linear primers using a two-step 
PGR reaction format 

20 lig. 13A shows a bar graph of the fluorescence intensity obtained at 

the end point of an allele specific PGR reaction using the primers of the 
present invention. Fig. 13B is a photograph of the PGR tubes in which the 
allele specific reaction was conducted illuminated with ultraviolet Ught 

Fig. 14 is a photograph of an agarose gel showing the effects of target 

25 DNA concentration on an allele specific PGR reaction using the primers of tiie 

present invention. 

Fig. 15 is a photograph of an agarose gel showing die results of an 
allele specific reaction comparing the results obtained using Tsp DNA 
polymerase to PLATINUM® Taq DNA polymerase using standard primes. 
30 Figs. 16A-B are photographs of an ethidium bromide stained agarose 

gel showing the results of comparison of the hairpin oligonucleotides of die 
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ptesent invention to linear oUgonucleotides in an amplification reaction using 
varying amounts of template DNA. Rg. 16A shows tiie ampUfication of a 3.6 
kb ftagment of the human beta-globin gene using a first primer set Fig. 16B 
shows the amplification of a 3.6 kb fragment of tiie human beta-globin gene 
S using a second piimer set. 

Figs. 17A-B are photographs of an etiiidium bromide stained agarose 
gel showing the results of comparison of the hairpin oUgonucleotides of the 
present invention to Unear oUgonucleotides in an ampUfication reaction to 
produce varying sized ampUfication products. Rg. 17A shows tfie 
10 ampUfication of a 1.3 kb fi^gment of the NF2 gene. Rg. 17B shows the 

ampUfication of a 1.6 kb fragment of tiie NF2 gene. 

Fig. 18A-D are Une graphs of fluorescence intensity as a function of 
number of cycles of ampUfication performed which show detection of human 
tuberin cDNA by PGR vwtii hairpin primers nonmodified (18A) and modified 
15 at die 5'-ends of botii primers witti 2'-0-Me (18B). 5'-5'Unkage (18C) and 

forward primer modified witii 2'-0-Me and reverse primer witii 5'-5' Unkage 
(18D). PGR was performed as described in Example 15. 'T" = forward 
primer, "R" = reverse primer, and = no target control. 

Figs. 19A-D are Une graphs of fluorescence intensity as a function of 
20 number of cycles of ampUfication performed which show detection of human 

tuberin cDNA by PGR witii hairpin primers nonmodified (Rg. 19A) and 
modified at flie 5'-ends witii C3-amino (Fig. 19B). C6-amino (Rg. 19C) and 
biotin (Fig. 19D). PGR was performed as described in Example 16. "R" - 
reverse prim^. 

25 Figs. 20A-D are Une graphs of fluorescence intensity as a fimction of 

number of cycles of ampUfication performed which show detection of human 
tuberin cDNA (Rgs. 20A. 20B) and RDS genomic DNA (Figs. 20C, 20D) by 
PGR with blunt end hairpin primers (Rgs. 20A, 20G) and hairpin primers witii 
extended 3'-ends (Rgs. 20B. 20D). PGR was performed as described in 

30 Example 17. 
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Rg. 21 is a Une graph of n«o«scencc totenaty as a function of n»n*er 
of cycles of amplification perfonned which show, detection of 5 ng o^ 
geno-nic DNA (A-aUde) b, PCR wi* A-specific or B-specific for»^ 
^ (OUgos 41. 42) labeled witi. DABCYL and reverse prin«r labeled 
withFAM(OUgo43).PCRwasp«formedasd=saib«linE«mplel8. 

Flp. 22A.B are line graphs of fluorescence intensity as a tuncuon of 
number of cycles of an^Uflcation perfoorred which show detection »f lU 
cDNA using FAM labeled primer (Hg. 22A) and hnn»n bet^ctin usmg OE 
labeledprimer(Hg.22B). PCR was performed as described in Exan^W^ 

Fig 23 isaline graph of fluorescence intensity asafunctionofnumber 

0, cycles of amplification performed which shows detection of human RDS 
alleles »singFAMlabel«i universal d^ection primer. PCR was perfonned as 
described in Example 20. (23A) .how. Are detection of .he RDS A aUele 
uMngtheA-specificprimeronAAhomozygotehumanDNA (23B) ind.ca.es 
tf,e discrimination of *e A-specific primer Cmability of *e A-specific pnrner 
„ detect BB homozygote DNA). (23C) indicates .hat there i. «> detecteble 
ampliacationinanoDNAtemplatecontrol. 

Fig^ 24A-B are line graphs of fluorescence intensity as a function of 
number of cycles of anrpHfication performed. (Fr^ 24A) shows deration 
using regular PCR primers. (Hg. 24B) show, detection using PCR p.m«s 
modified with 2--0 methyl at the r-ends. SeeE«»nple22. 

Fig,. 25A-B are photographs of an agarose gel stinned witi. etfndrum 
t^mide showing «nplification of a 2,7 Kb target DNA sequence (pUC19). 
Ainpliflcattoncyclewasrepeatedfor4(Mimes. 

Figs. 26A-B are photographs of ». agaroite gel sunned wiU. ethidrum 

bronnde showing amplification of . X7 Kb target DNA sequence (pUC19). 
AmpMcation cycle was repeated for 3(MinKS. 

Fig* 27A.C m, autoradiographs showing the relative extension of 
prints conteining deoxynucleotide (Fig. 27A). ribonucleotide (Fig. 27B) «.d 
2-.0-mea,yl ribonucleotide (Fig. 27C) modifications a. d.e 3--termmal 
nucleotide by Taq DNA polymerase at 60°C. 
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Fig. 28 is an autoradiograph showing the relative extension efficiency 
of primers that contain a 2*-0-methyl ribose modification at the 3*-tenninal 
nucleotide by Taq at ambient temperature Ganes a), 55 °C Ganes b), and 72°C 
Ganes c). 

Fig. 29 is an autoradiograph showing the relative extension efficiency 
of primers with deoxynucleotide (panel I), ribonucleotide (panel II) and 2'-0- 
methyl ribonucleotide (panel HI) modifications at the 3*-tenmnal nucleotide 
by the Klenow fragment of DNA polymerase of K coli at yfC. 

Fig. 30 is an autoradiograph showing the relative extension efficiency 
of primers with deoxynucleotide (panel I), ribonucleotide (panel II) and 2'-0- 
methyl ribonucleotide (panel m) modifications at die 3'-terminal nucleotide 
by the Klenow firagment (exo-nuclease deficient mutant derivative; 
Asp424Ala) of DNA polymerase of K coli at 37"C. 

Fig. 31 is an autoradiograph showing the relative rate of 3'-»5* exo- 
nuclease directed degradation catalyzed by the Klenow fragment of DNA 
polymerase of E. coli at Zl^C 

Fig. 32 is an autoradiogr^h showing the relative rate of 3'->5' exo- 
nuclease directed degradation catalyzed by Tne DNA polymerase (Aspl37Ala 
mutant derivative; confers 5'-»3' exo-nuclease deficient) at 72*C. 

Fig. 33 is a schematic representation of using a universal detection 
oligonucleotide and an adaptw coupled to allelic specific PGR. See Example 
20. 

Fig. 34 is a bar graph of relative fluorescence showing the effect of 5'- 
nucleobases on the fluorescence intensity of oligonucleotides labeled with 
fluorescein at the 5'-end. 10 pmoles of FAM- 
d(NNnCrCATGGTGGCTGTAGAAQ (SEQ ID NO:131) were hybridized 
to a 5-fold excess of the complementary oligonucleotide of the same size. 
NN-variable nucleotides as specified on the graph. Melting curves were 
detected and normalized as described in Exanq)le 27. Fluorescence of double- 
stranded structures is presented relative to the corresponding single-stranded 
oligonucleotides that are shown as (1.0). 
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Fig. 35 is a bar graph of relative fluorescence showing a changp of 
fluorescence upon duplex formation for oligonucleotides labeled with 
fluorescein internally close to the 3'-end or 5'-end. The labeling positions are 
shown in bold. 

Fig. 36 is a line graph showing ttie melting curves of 
oUgodeoxynucleotide duplexes labeled with fluorescein. (A) 
d(CCITCTCATCK}TCGCrGTAG) (SEQ ID NO:94) (B) 
d(CXnTO€ATCGT<K5CTCTAG-AACT)(SEQIDNO:132). The labeling 
positions are shown in bold. The complementary strand of the same size as 
labeled oligonucleotide was used to form tiie duplex and melting curves were 
measured as described in Example 27. 

Fig. 37 is a bar graph of fluorescent intensity showing a change of die 
fluorescence intensity upon hybridization of oUgpdeoxy nucleotides labeled 
wifli FAM at die 5*-end, 3'-end or internally. The internal labeling positions 
are shown in bold. The complementary stand is shown in lower case. The 
ratio of die fluorescence between die double-stranded and single-stranded 
labeled oligonucleotides was determined from die melting curves as described 
in Example 27. 

Fig. 38 is a schematic representation of a signal generation by 
fluorogenic primers. The oUgonucleotide in blunt-end hairpin confomiation 
emits die lowest fluorescent signal. The signal increases when the primer is 
linear, and reaches its maximum when the primer is incoiporaled into the 
double-stranded DNA. 

Figs. 39A-B are line graphs of fluorescent intensity depicting 
fluorescence readings during real-time PGR using eidier a linear or hairpin 
fluorogenic primer. Fluorescence was measured at 25°C before the PGR, 
during a preheating step at 94°C, at SS'C during each cycle of PGR. and 
finally at 25'*C after the cycling. The fluorescence intensity during PGR using 
a FAM-labeled Unear reverse primer is shown in Fig. 39A (see Example 31, 
primer set 1. Table 8). The fluorescence intensity during PGR using a FAM- 
labeled hairpin reverse primer is shown in Fig. 39B (see Example 31, primer 
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set 2. Table 8). PCRs were perfonned on an ABI 7700 with lO' copies of 
cloned IL-4 cDNA using similar conditions and with the same unlabeled 
forward primer. Fig. 39C is a plot of temperature versus detector readings. 

Fig. 40 is a line graph of relative fluorescence showing the effect of 
hairpin structure on PGR specificity and efficiency. Human RDS gene was 
amplified using either a Unear (dotted Une), or a hairpin (soUd Une) unlabeled 
reverse primer with the same fluorogenic linear forward primer (see Example 
31. primer sets 3 and 4. Table 8). PCRs for both primer sets were performed 
using 100 ng, 2 ng, 0.08 ng and 0 ng of genomic DNA. 

Fig. 41A is a line graph of relative fluorescence as a function of the 
number of cycles of amplification. Sensitivity, precision and dynamic range of 
fluorogenic real-tune PGR is shown. Ten-fold serial dilutions of c-myc cDNA 
were amplified and detected usmg a FAM-labeled fluorogenic primer in two- 
step PGR on an ABI 7700 as described in Example 32 (see Example 31, 
primer set 5, Table 8). Fig. 41B is a graph depicting the initial cDNA 
concentrations verses threshold cycle (Ct), standard deviations are shown as 
error bars (12 replicates per dilution). 

Figs. 42A-B are line graphs of relative fluorescence as a function of 
the number of cycles of amplification performed which shows PGR 
comprising a 3-fold serial dilution of cloned cDNA as representation of 
multiplex fluorogenic PGR on ABI PREM 7700. Fig. 42A shows IL4 cDNA 
(grey) firom 303,030 to 22 copies. Fig. 42B shows c-myc cDNA (grey) fix)m 
1,000,000 to 22 copies; each dUution had 1,000,000 copies of cloned GAPDH 
cDNA (black), FAM-labeled fluorogenic primers were used to detect IL-4 (sec 
Example 31, primer set 2, Table 8) and c-myc (see Example 31, primer set 5, 
Table 8) and a JOB-labeled primer was used to detect GAPDH (see Example 
31, primer set 12, Table 8). Figs. 42C-D are corresponding plots of initial 
cDNA concentrations (two duplicate reactions per concentration) verses Ct- 

Figs. 43A-B are line graphs showing multiplex real-time fluorogenic 
PGRs with a population of first-strand cDNAs from Hela cells. Three-step 
PCRs were performed with templates comprising a serial dilution of cloned 
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IL-4 cDNA ftom 91,000 to 22 copies in the presence of a constant amount of 
cDNA generated from total Hela RNA. The variable IL-4 target was detected 
using a FAM-labeled hairpin primer (see Example 31, prima: set 2, Table 8; 
gray lines) and the constant GAPDH target was detected with a JOE-labeled 
hairpin primer (see Example 31, primer set 12. Table 8; black lines). 

Fig. 44A is a bar graph showing fluorescence intensity of RDS 
polymorphs. Fluorescence was determined on a platereader (Polarion, 
TECAN) with 490 nm exitation, 20 nm band width, 525 nm emission, 20 mn 
band width. Detection of the fluorescent PGR product at the end-point is 
shown. PGR products specific for C558/T558 polymorphism in RDS gene 
were generated using two different forward primers specific for C allele or T 
allele and common hairpin reverse primer labeled with FAM (primer set 15; 
Table 8). As described in Example 34, three-step PCRs were performed 
through 40 cycles. Fig. 44B is a photograph of the tobes that was taken on 
UV-transiUuminator using Kodak imaging system equipped with the green 
filter (520 nm, 40 nm band width). 

Fig. 45 is a line gn^h of fluorescence intensity as a function of number 
of cycles of amplification performed. 

Fig. 46 is a standard curve plotting the number of cycles of 
amplification against the starting quantity of tenq>late DNA. 

DETAILED DESCRIPTION OF THE INVENTION 
Definitions and Abbreviations 

In the description that follows, a number of terms used in recombinant 
DNA technology are extensively utilized. As used herein, the following terais 
shall have the abbreviations indicated: 

ASP, aUele-specific polymerase chain reaction 

bp, base pairs 
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DAB or DABCYL, 4-(4'-dimethylaniinophenylazo) benzoic acid 
EDANS, 5-(2'-aimnoethyl) aminonapthalene-l-sulfonic acid 
. FAM or Flu, S-caiboxyfluoiescein 
JOE, 27'-dimethoxy-4'5'-dichloio-6-caiboxyfluorescein 
HPLC, high-perfonnance liquid chromatography 
NASB A, nucleic acid sequence-based amplification 
Rhod, ihodamine 
ROX, 6-caiboxy-X-rhodamine 
R6G, 6-caibox3diodamine 

TAMRA,N,NJSrj^'-tetramethyl-6-caiboxyrhodamine 
Amplification. As used herein, "amplification" refers to any in vitro 
method for increasing the number of copies of a nucleotide sequence with the 
use of a polymerase. Nucleic acid amplification results in the incorporation of 
nucleotides into a nucleic acid molecule (e.g., DNA) or piimer thereby 
forming a new nucleic acid molecule complementary to the nucleic acid 
template. The formed nucleic acid molecule and its template can be used as 
templates to synthesize additional nucleic acid molecules. As used herein, one 
amplification reaction may consist of many rounds of nucleic acid synthesis. 
Amplification reactions include, for example, polymerase chain reactions 
(PGR). One PGR reaction may consist of 5 to 100 "cycles" of denatutation 
and synthesis of a nucleic add molecule. 

Specificity enhancing group. As used herein "specificity enhancing 
group" refers to any molecule or group of molecules that causes an 
oUgonucleotide of the present invention to be less and preferably substantially 
less extendable when the 3'-most nucleotide of the oUgonucleotide is 
substantially not base paired with a nucleotide on tfie nucleic acid 
target/template molecule. Any type of group may be used. Preferred 
examples include, but are not limited to, fluorescent groups, modified 
nucleotides, nucleotide analogues, small molecules, haptens and the like. 
Specificity enhancing groups may be attached at any position of the 
oligonucleotide or be a part of the oligonucleotide at any position (for 
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example, when the specificity enhancing group is a modified nucleotide or 
nucleotide analogue) so long as they make the oUgonucleotide less and 
preferably substantially less extendable when the S'-termini nucleotide of the 
oligonucleotide is substantially not base paired with the corresponding 
nucleotide of the target/template nucleic acid. Such groups are preferably 
attached to the primer or oligonucleotide or part of the primer or 
oUgonucleotide at or near the 3'-end of the primer or oligonucleotide, but may 
be attached or placed at other positions as well. Preferably, they are attached 
to or located to one or more of the 25 bases adjacent to the 3'-end of the'primer 
or oUgonucleotide. In some preferred embodiments, such groups may be 
attached to or located to one or more of the 20 bases adjacent to the 3'^nd of 
the oUgonucleotide, or to or part of the 15 bases adjacent to the 3'-end or to or 
part of the 10 bases adjacent to the 3'-end or, most preferably to or part of one 
or more of the five bases adjacent to the 3'-«nd of the oUgonucleotide. In 
addition, specificity enhancing groups may be attached to or a part of the 3'- 
most nucleotide so long as the presence of the group does not prevent or 
inhibit the extension of the primer when the 3*-most nucleotide of the primer is 
complementary to the corresponding nucleotide on the target/template 
molecule more than the extension is inhibited when (he 3'-most nucleotide is 
substantiaUy not base paired to the target/template. Any group that can 
decrease the stabiUty of the duplex (double-stranded conq>lex) formed by the 
primer and template when the 3'-most nucleotide of the primer or 
oUgonucleotide is not complementary to the corresponding nucleotide of the 
target/template and/or any group that can make a polymerase less efficient at 
extending the 3'-end of the oUgonucleotide when the 3'-most nucleotide is not 
complementary to the corresponding nucleotide of the template^get may be 
used to practice the present invention. In some embodiments, the specificity 
enhancing groups of the invention may be modified nucleotides or nucleotide 
analogues incorporated into the sequence of the primer or oUgonucleotide. 
Such modifications may be made at the base, sugar or phosphate portion of the 
nucleotide and include, but are not Umited to, phosphothioate nucleotides. 
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phosphonate nucleotides, peptide nucleic acids and the like. A specificity 
enhancing group is used, for example, in allele-specific PGR to enhance 
discrimination. 

Polymerase. As used herein "polymerase" refers to any enzyme having 
a nucleotide polymerizing activity. Polymerases (including DNA polymerases 
and RNA polymerases) useful in accordance wifli die present invention 
include, but are not limited to. Thermos thermophUus (Tth) DNA polymerase, 
Thermus aquaticus (Tag) DNA polymerase, Thermotoga neopoliUma (Tne) 
DNA polymerase. Tfiermotoga maritima (Tma) DNA polymerase, 
Thermococcus litoralis (Tli or VENTI^ DNA polymerase, Pyrococcus 
furiosus (Pfii) DNA polymerase, DEEPVENT* DNA polymerase, Pyrococcus 
woosii (Pwo) DNA polymerase. Bacillus sterothermophUus (Bst) DNA 
polymerase, BacUlus caldopMus (Bca) DNA polymerase, Sulfolobus 
acidocaldarius (Sac) DNA polymerase. Thermoplasma addophilum (Tac) 
15 DNA polymerase. Themws flams (TflrTub) DNA polymerase. Thermus ruber 

(Tru) DNA polymerase, Thermus brockUmus (DYNAZYME?*) DNA 
polymerase. Methanobacterium tJiermoautotrophicum (Mth) DNA 
polymerase, mycobacterium DNA polymerase (Mtb, Mlep), and mutants, 
variants and derivatives tiiereof. RNA polymerases such as T3, T5 and SP6 
20 and mutants, variants and derivatives thereof may also be used in accordance 

witii tiie invention. Generally, any type I DNA polymerase may be used in 
accordance with the invention although other DNA polymerases may be used 
including, but not limited to. type HI or family A. B, C, etc. DNA 
polymerases. 

25 Polymerases used in accordance witii tfie invention may be any 

enzyme that can synthesize a nucleic acid molecule from a nucleic acid 
. template, typically in the 5' to 3* direction. "3' to 5' exonuclease activity" is 
an enzymatic activity well known to the art. This activity is often associated 
witii DNA polymerases, and is tiiought to be involved in a DNA repUcation 
"editing" or correction mechanism. A "polymerase substantially reduced in 3* 
to 5' exonuclease activity" is defined herein as eitiier (1) a mutated or 
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modified polymerase that has about or less than 10%. or preferably about or 
less than 1%, of the 3' to 5' exonuclease activity of the corresponding 
unmutated. wild-type enzyme, or (2) a polymerase having a 3' to 5' 
exonuclease specific activity which is less than about 1 unit/mg protein, or 
preferably about or less than 0.1 units/mg protein. A unit of activity of 3' to 5' 
exonuclease is defined as the amount of activity that solubilizes 10 nmoles of 
substrate ends in 60 min. at 37*C, assayed as described in the "BRL 1989 
Catalogue & Reference Guide," page 5, with Hhal fragments of lambda DNA 
3'-end labeled with [^HldTTP by terminal deoxynucleotidyl transferase (TdT). 
Protein is measured by the method of Bradford, Anal. Biochem. 72:248 
(1976). As a means of comparison, natural, wild-type T5-DNA polymerase 
(DNAP) or T5-DNAP encoded by pTrQ19-T5-2 has a specific activity of 
about 10 units/mg protein while the DNA polymerase encoded by 
pTrQ19-T5-2(Exo-) (U.S. 5,270,179) has a specific activity of about 0.0001 
units/mg protein, or 0.001% of the specific activity of the unmodified enzyme, 
a 105-fold reduction. "5' to 3' exonuclease activity" is also an enzymatic 
activity weU known in the art. Hiis activity is often associated with DNA 
polymerases, such as E. coli PoU and Taq DNA polymerase. A "polymerase 
substantially reduced in 5' to 3' exonuclease activity" is defined herein as 
either (1) a mutated or modified polymerase tiiat has about or less than 10%, 
or preferably about or less than 1%, of the 5* to 3' exonuclease activity of the 
conesponding unmutated, wUd-type enzyme, or (2) a polymerase having 5* to 
3' exonuclease specific activity which is less tiian about 1 unit mg protein, or 
preferably about or less than 0.1 units/mg protein. Botti of the 3' to 5' and 5' 
to 3* exonuclease activities can be observed on sequencing gels. Active 5' to 
3' exonuclease activity will produce nonspecific ladders in a sequencing gel 
by removing nucleotides from flie 5'-end of the growing primers. 3' to 5' 
exonuclease activity can be measured by foUowing the degradation of 
radiolabeled primers in a sequencing gel. Thus, the relative amounts of these 
activities, e.g.. by comparing wild-type and mutant or modified polymerases, 
can be determined with no more than routine experimentation. 
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The nucleic acid polymerases used in the prfcsent invention may be 
mesophiHc or thermophiUc, and are preferably thermophilic. Preferred 
mesophiUc DNA polymerases include T7 DNA polymerase, T5 DNA 
polymerase; Klenow fragment DNA polymerase. DNA polyaaerase ffl and the 
5 like. Preferred thermostable DNA polymerases that may be used in the 

invention include Taq, Tne. Tma, Pfu, Tfl, Tth, Stoffel fragment, VENT* and 
DEEPVENT* DNA polymerases, and mutants, variants and derivatives 
thereof (U.S. Patent No. 5,436,149; U.S. Patent No. 4.889.818; U.S. Patent 
No. 4,965,188; U.S. Patent No. 5.079,352; U.S. Patent No. 5.614.365; U.S. 
10 Patent No. 5,374,553; U.S. Patent No. 5,270,179; U.S. Patent No. 5.047,342; 

U.S. Patent No. 5,512,462; U.S. Patent No. 6,015,668; U.S. Patent No. 
5,939301; U.S. Patent No. 5,948,614; U.S. Patent No. 5,912,155; WO 
97/09451; WO 98/35060; WO 92/06188; WO 92/06200; WO 96/10640; 
Barnes. WM., Gene iJ2:29-35 (1992); Lawyer, F.C., et al., PCR Meth. AppL 
15 2;275-287 (1993); Haman, J.-M, et d., Nucl Adds Res, 22(15):3259-3260 

(1994)). For amplification of long nucleic acid molecules (e.g., nucleic acid 
molecules longer than about 3-5 Kb in length), at least two DNA polymerases 
(one substantially lacking 3' exonuclease activity and the other having 3' 
exonuclease activity) are typically used. See U.S. Patent No. 5.436,149; U.S. 
20 Patent No. 5.512.462; Barnes. WM., Gene 122:29-35 (1992). the disclosures 

of which are incorporated herein in their entireties. Examples of DNA 
polymerases substantially lacking in '3' exonuclease activity include, but are 
not limited to, Taq, Tneitxo), Tma(cxo), P^exo"). Pwo(cxo-) and m DNA 
polymerases, and mutants, variants and derivatives thereof. 
25 DNA polymerases for use in the present invention may be obtained 

commercially, for example, from Invitiogen Corporation (life Technologies 
Division) (RockviUe. MD). Pharmacia (Piscataway, NJ). Sigma (St Louis. 
MO) and Boehringer Mannheim Biochemicals. Preferred DNA polymerases 
for use in the present invention include Tsp DNA polymerase from IhvitrDgpn 
30 Corporation (life Technologies Division). 
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Enzymes for use in the compositions, methods and kits of the invention 
include any enzyme having reverse transcriptase activity. Such enzymes 
include, but are not limited to. retroviral reverse transcriptase, retrotransposon 
reverse transcriptase, hepatitis B reverse transcriptase, cauliflower mosaic 
5 virus reverse transcriptase, bacterial reverse transcriptase. Tth DNA 

polymerase, Taq DNA polymerase (Saiki, R.K., et al.. Science 259:487-491 
(1988); U.S. Patent Nos. 4,889.818 and 4,965.188), Tne DNA polymerase 
(WO 96/10640). Tma DNA polymerase (U.S. Patent No. 5.374.553) and 
mutants, ftagments, variants or derivatives thereof (see, e.g., U.S. Patent Nos. 
10 5,948,614 and 6,015,668, which are incorporated by reference herein in their 

entireties). As wiU be understood by one of ordinary skill in the art, modified 
reverse transcriptases and DNA polymerases having RT activity may be 
obtained by recombinant or gpnetic engineering techniques that are weU- 
known in the art Mutant revMse transcriptases or polymerases can, for 
15 example, be obtained by mutating the gene or genes encoding the reverse 

transcriptase or polymerase of interest by site-directed or random mutagenesis. 
Such mutations may include point mutations, deletion mutations and 
insertional mutations. Preferably, one or more point mutations (e.g., 
substitotion of one or more amino adds with one or more different amino 
0 acids) are used to construct mutant reverse transcriptases or polymerases for 

use in the invention. Fragments of reverse transcriptases or polymerases may 
also be obtained by deletion mutation by recombinant techniques that are weU- 
known in the ait, or by enzymatic digestion of die reverse transcriptase(s) or 
polymerase(s) of interest using any of a number of well-known proteolytic 

25 enzymes. 

Preferred enzymes for use in the invention include those that are 
reduced or substantially reduced in RNase H activity. Such enzymes that are 
reduced or substantiaUy reduced in RNase H activity may be obtained by 

i 

mutating the RNase H domain within the reverse transcriptase of interest, 
30 preferably by one or more point mutations, one or more deletion mutations, 

and/or one or more insertion mutations as described above. By an enzyme 
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"substantiaUy reduced in RNase H activity'* is meant that the enzyme has less 
than about 30%, less than about 25%, less than about 20%. more preferably, 
less than about 15%, less than about 10%. less than about 7.5%, or less than 
about 5%, and most preferably, less than about 5% or less than about 2%, of 
the RNase H activity of the corresponding wUdtype or RNase ET enzyme such 
as wUdtype Moloney Murine Leukemia Virus (M-MLV). Avian 
Myeloblastosis Virus (AMV) or Rous Sarcoma Virus (RSV) reverse 
transcriptases. The RNase H activity of any enzyme may be determined by a 
variety of assays, such as those described, for example, in U.S. Patent No. 
5.244,797, Kotewicz, Mi., et a/., Nucl. Acids Res. 16:265 (1988). Gerard. 
GJ.. et (d., FOCUS 14(5):91 (1992), and U.S. Patent Nos. 5.668,005 and 
6.063,608, tiie disclosures of aU of which are fully incorporated herein by 
reference. 

Polypeptides having reverse transcriptase activity for use in the 
invention may be obtained commercially, for example from Invitrogen 
Corporation (life Technologies Division) (Rockville, Maryland), Pharmacia 
(Piscataway, New Jersey). Sigma (Saint Louis, Missouri) or Boehiinger 
Mannheim Biochemicals (IndianapoUs, Indiana). Alternatively, polypeptides 
having reverse transcriptase activity may be isolated from their natural viral or 
bacterial sources according to standard procedures for isolating and purifying 
natural proteins that are well-known to one of ordinary skiU in die art (see. 
e.g., Houts. G.E.. et al., J. Virol. 29:511 (1979)). In addition, the polypeptides 
having reverse transcriptase activity may be prepared by recombinant DNA 
techniques that are familiar to one of ordinary skill in the art (see, e.g., 
Kotewicz. M.L, et al., Nucl Acids Res. 16:265 (1988); Soltis. D.A.. and 
Skalka, A.M. Proc. Natl Acad. ScL USA 85:3372-3376 (1988)). 

Preferred polypeptides having reverse transcriptase activity for use in 
the invention include M-MLV reverse transcriptase. RSV reverse 
transcriptase, AMV reverse transcriptase, Rous Associated Virus (RAV) 
reverse transcriptase. Myeloblastosis Associated Virus (MAV) reverse 
transcriptase and Human Immunodeficiency Virus (HIV) reverse ttanscriptase. 
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and others described in WO 98/47921 and derivatives, variants, fragments or 
mutants thereof, and comtenations thereof. In a further prefened embodiment, 
the reverse transcriptases are reduced or substantiaUy reduced in RNase H 
activity, and are most preferably selected from the group consisting of M- 
MLV IT reverse transcriptase, RS V IT reverse transcriptase. AMV IT reverse 
transcriptase. RAV IT reverse transcriptase, MAV HT reverse transcriptase and 
HIV IT reverse transcriptase, and derivatives, variants, fragments and mutants 
thereof, and combinations thereof. Reverse transcriptases of particular interest 
include AMV RT and M-MLV RT. and more preferably, AMV RT and M- 
MLV RT having reduced or substantially reduced RNase H activity 
(preferably, AMV RT otHT/BH* and M-MLV RT IT). The most preferred 
reverse transcriptases for use in the invention include Superscript™, 
Superscript" II, ThermoScript" and TtiermoScript'" H available from 
Invitrogen Corporation (Life Technologies Division) See, gpneraUy, WO 
98/47921 and U.S. Patent Nos. 5,244,797, 5,668,005 and 6.063.608, the entire 
contents of each of which are herein incorporated by reference. 

Hairpin. As used herein, the term "hairpin" is used to indicate the 
structure of an oUgonucleotide in which one or more portions of the 
oUgonucleotide form base pairs with one or more other portions of the 
oUgonucleotide. When the two portions are base paired to form a double- 
stranded portion of the oUgonucleotide, the double-stranded portion may be 
referred to as a stem. Thus, depending on the number of complementary 
portions used, a number of stems (preferably about 1 to about 10) may be 
formed. 

In some preferred embodiments, the primers of the present invention 
may be modified such that they assume a hairpin structure. This may be 
accompUshed by adding one or more bases to the 5*-termini of the 
oUgonucleotide wherein the bases are selected to be complementary to the 
bases at the 3'-termini of the oUgonucleotide. In some preferred embodiments, 
at least one to about 20 contiguous nucleotides are added to the 5'-«nd of the 
oUgonucleotide that are complementary to the at least one to 20 contiguous 
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nucleotides present in the 3'-end of the oUgonucleotide. In a preferred 
embodiment, ftom one to about 10 nucleotides are added to the 5'-end of the 
oUgonucleotide, the nucleotides selected such that they are complementary to 
the at least one to about 10 contiguous nucleotides present in the 3'-end of the 
5 oUgonucleotide. In another preferred embodiment, ftom one to about 5 

nucleotides are added to the 5'-end of the oUgonucleotide, the nucleotides 
selected such that they are complementary to die at least one to about 5 
contiguous nucleotides present in the 3'-end of the oUgonucleotide. 

AdditionaUy. formation of die one or more stems preferably allows 
10 formation of one or more loop structures in die hairpin molecule. In one 

aspect, any one or more of the loop structiires may be cut or nicked at one or 
more sites within the loop or loops but, preferably, at least one loop is not so 
cut or nicked. Hie sequence of the oUgonucleotide may be selected so as to 
vary die number of nucleotides which base pair to form the stem from about 3 
15 nucleotides to about 100 or more nucleotides, from about 3 nucleotides to 

about 50 nucleotides, ftom about 3 nucleotides to about 25 nucleotides, and 
ftom about 3 to about 10 nucleotides. In addition, die sequence of tiie 
oUgonucleotide may be varied so as to vary the number of nucleotides which 
do not form base pairs ftom 0 nucleotides to about 100 or more nucleotides. 
20 ftom 0 nucleotides to about 50 nucleotides, from 0 nucleotides to about 25 

nucleotides or from 0 to about 10 nucleotides. The two portions of the 
oUgonucleotide which base pair may be located anywhere or at any number of 
locations in the sequence of die oUgonucleotide. In some embodiments, one 
base pairing portion of the oUgonucleotide may include die 3'-termini of die 
25 oUgonucleotide. In some embodiments, one base pairing-portion may include 

die 5'-terniini of die oUgonucleotide. In some embodiments, one base pairing 
portion of die oUgonucleotide may include die 3'-termini while die odier base 
pairing portion may include die 5'-termini and, when base paired, die stem of 
the oUgonucleotide is blunt ended. In odier embodiments, die location of die 
30 base pairing portions of die oUgonucleotide may be selected so as to form a 3'- 
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overhang and/or a 5'-oveihang and/or may be selected so that neither the 3*- 
nor the S'-most nucleotides are involved in base pairing. 

The hairpin version of the oligonucleotide primers can be constructed 
by adding bases to the 5'-end of the primer sequence that are complementary 
to the 3'-end of the oUgonucleotide, for example. Typically, the number of 
bases added to the 5'-end is selected such that the oligonucleotide forms a 
hairpin at temperatures below the annealing temperature and assumes a linear 
form at ornear the annealing temperature. Those skilled in the art can readily 
determine the number of nucleotides to be added to the 5'-end of the primer so 
as to control the temperature at which the primer assumes a Unear form. It is 
not necessary that the oligonucleotides of the invention be entirely converted 
to linear form at the annealing temperature; those skilled in the art wiU 
appreciate that the oligonucleotides of the present invention may be capable of 
revMsibly melting and self-reanneaUng (i.e., breathing). So long as the 
sequences of the oUgonucleotides of the invention are selected such that a 
sufficient number of oligonucleotides are avaUable to prime the extension, 
amplification, etc. at the annealing temperature, the sequences are suitable for 
use in the present invention whether or not some of the oUgonucleotides 
remain in a hairpin form at the annealing temperature. The number of 
nucleotides that may be added may be ftom about 3 nucleotides to about 25 
nucleotides, or from about 3 nucleotides to about 20 nucleotides, or from 
about 3 nucleotides to about 15 nucleotides, or from about 3 nucleotides to 
about 10 nucleotides, or from about.3 nucleotides to about 7 nucleotides. In 
some preferred embodiments, from about 5 to about 8 nucleotides may be 
added to the 5'-end of the primer oUgonucleotide in order to form the hairpin 
oUgonucleotides of the present invration. 

Hybridization. As used herein, the terms "hybridization" and 
"hybridizing" refer to die pairing of two complementary single-stranded 
nucleic acid molecules (RNA and/or DNA) to give a double-stranded 
molecule. As used herein, two nucleic acid molecules may be hybridized, 
although the base pairing is not completely complementary. Accordingly, 
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mismatched bases do not prevent hybridization of two nucleic acid molecules 
provided that appropriate conditions, well-known in the art, are used. 

Incorporating. The term "incorporating" as used herein means 
becoming a part of a DNA or RNA molecule or primer. 
5 Nucleotide. As used herein "nucleotide" refers to a base-sugar- 

phosphate combination. Nucleotides are monomeric units of a nucleic acid 
sequence (DNA and RNA). The term nucleotide includes mono-, di- and 
triphosphate forms of deoxyribonucleosides and ribonucleosides and thdr 
derivatives. The term nucleotide particularly includes deoxyribonucleoside 
10 triphosphates such as dAlP. dCTP. dTTP. dUTP. dGTP. dlTP. or derivatives 

tiiereof. Such derivatives include, for example. [aS]dATP, 7-deaza-dGTP and 
7-deaza-dATP. The term nucleotide as used herein also refers to 
dideoxyribonucleoside triphosphates (ddNTPs) and their derivatives. 
Illustrated examples of dideoxyribonucleoside triphosphates include, but are 
15 not limited to. ddATP. ddCTP, ddGTP, ddTTP, and ddTIP. According to tiie 

present invention, a "nucleotide" may be unlabeled or detectably labeled by 
well-known techniques. Detectable labels include, for example, radioactive 
isotopes, fluorescent labels, chemUuminescent labels, bioluminescent labels 
and enzyme labels. 

20 OUgonucleotide. As used herein, "oUgonucleotide" refas to a 

synthetic or biologically produced molecule comprising a covalentiy linked 
sequence of nucleotides or derivatives tiiereof. Such nucleotides may be 
• joined by a phosphodiester bond between tfie 3' or 5' position of die pentose 
of one nucleotide, for example, and the 5' or 3' position of tiie pentose of die 

25 adjacent nucleotide, for example. Bonds can also occur between 3' positions 

and 5* positions and between any otiier at least two positions. 

OUgonucleotide. as used herein, includes natural nucleic add 
molecules (i.e.. DNA and RNA) as well as non-natuial or derivative molecules 
such as peptide nucleic acids, phosphotfiioate containing nucleic acids, 

30 phosphonate contaming nucleic adds and die like. In one embodiment. 

oUgonucleotides of die invention may comprise 5-100 nucleotides (e.g. 5-10, 
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15-20. 25-30, 35-40. 45-50, 55-60. 65-70, 75-80, 85-90. 95-100 etc. 
nucleotides), preferably. 6 nucleotides. In addition, oUgonucleotides of the 
present invention may contain modified or non-naturally occurring sugar 
residues (i.e., arabainose) and/or modified base residues as described below. 
Oligonucleotide encompasses derivative molecules such as nucleic acid 
molecules comprising various natural nucleotides, derivative nucleotides, 
nucleotide analogues, modified nucleotides or combinations thereof. Such 
modifications include, but arc not limited to, adding a T-O- alkyl group to the 
oUgonucleotide or specificaUy, a 2'-0-methyl group, creating a 5'-5' 
phosphodiester bond between oligonucleotides, and adding a C3-amino, a C6- 
amino or biotin to the oligonucleotide. Thus, any oUgonucleotide or other 
molecule useful in the methods of the invention, e.g., primer or 
oUgonucleotide primer, are contemplated by this definition. OUgonucleotides 
of the present invention may also comprise blocking groups which prevent the 
interaction of the molecule with particular proteins, enzymes or substrates. 

Primer. As used herein, "primer" refers to a synthetic or biologicaUy 
produced single-stranded oUgonucleotide that is extended by covalent bonding 
of nucleotide monomers during amplification or polymerization of a nucleic 
acid molecule. Nucleic acid ampUfication often is based on nucleic acid 
synthesis by a nucleic acid polymerase or reverse transcriptase. Many such 
polymerases or reverse transcriptases require the presence of a primer that can 
be extended to initiate such nucleic acid synthesis. A primer is typically 11 
bases or longer, most preferably, a primer is 17 bases or longer, although 
shorter or longer primers may be used depending on the need. As wiU be 
appreciated by those skUled in the art, the oUgonucleotides of the invention 
may be used as one or more primers in various extrasion, synthesis or 
amplification reactions. 

Probe. As used herein, "probe" refers to synthetic or biologically 
produced nucleic acids (DNA or RNA) which, by design or selection, contain 
specific nucleotide sequences that allow them to hybridize, undo: defined 
stringencies, specifically (i.e., preferentiaUy) to target nucleic acid sequences. 
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As wiU be appreciated by those skiUed in the art, the oUgonucleotides of the 
present invention may be used as one or more probes and preferably may be 
used as probes for the detection or quantification of nucleic acid molecules. 

Substantially less extendable. As used herein, "substantially less 
extendable" is used to characterize an oUgonucleotide that is inefficiently 
extended or not extended in an extension and/or amplification reaction when 
the 3'-most nucleotide of the oligonucleotide is not complementary to the 
corresponding base of a target/template nucleic acid. Pref«ably, an 
oUgonucleotide is substantiaUy less extendable as a result of the presence of a 
specificity enhancing group on the oUgonucleotide. In this event, an 
oUgonucleotide is substantially less extendable when the oUgonucleotide is not 
extended or is extended by a lesser amount and/or at a. slower rate than an 
oUgonucleotide lacking the specificity enhancing group, but having an 
otherwise identical structure. Those skUled in the art can readily detemiine if 
an oUgonucleotide is substantiaUy less extendable by conducting an extension 
reaction using an oUgonucleotide containing a specificity enhancing group and 
conq)aring the extension to the extension of an oUgonucleotide of the same 
structure, but lacking the specificity enhancing group. Under identical 
extMsion conditions, (e.g., melting temperature and time, anneaUng 
temperature and time, extension temperature and time, reactant concentrations 
and the Uke), a substantiaUy less extendable oUgonucleotide will produce less 
extension product when the 3'-most nucleotide of the oUgonucleotide is not 
complementary to die corresponding nucleotide on a target/template nucleic 
acid flian wiU be produced by an oUgonucleotide lacking a specificity 
enhancing group, but having an otherwise identical structure. Alternatively, 
one skiUed in the art can determine if an oUgonucleotide is substantially less 
extendable by conducting aUele specific PCR with a first set of 
oUgonucleotides at least one of which comprises one or more specificity 
enhancing groups and witii a second set of oUgonucleotides lacking specificity 
enhancing groups, but otfierwise of identical stiiicture to those of the first set 
Thrai, a determination is s^arately made for each set of primers of die 
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difference in the amount of product made and/OT the rate at which the product 
is made with the oligonucleotide having the 3'-nucleotide complementary to 
the corresponding nucleotide on a target/template nucleic acid to the amount 
of product made and/or the rate at which the product is made with an 
oligonucleotide having the 3'-nucleotide not complementary to the 
corresponding nucleotide on a target/template nucleic acid. Substantially less 
extendable oUgonucleotides will produce a larger difference in amount of 
product made and/or rate at which product is made between 3'-complementary 
and S'-not-complementary oUgonucleotides. Preferably, the difference in the 
amount of product made and/or rate at which product is made using 
oligonucleotides containing specificity enhancing groups will be between firom 
about 1.1 fold to about 1000 fold larger than the difference obtained using 
primers lacking specificity enhancmg groups, or from about 1.1 fold to about 
: 500 fold larger, or ftom about 1.1 fold to about 250 fold largpr. or from about 
15 1.1 fold to about ,100 fold larger, or from about 1.1 fold to about 50 fold larger. 

or from about 1.1 to about 25 fold larger, or fitom about 1.1 to about 10 fold 
larger, or ftom about 1.1 fold to about 5 fold or from about 1.1 fold to about 2 
fold larger. The amount of product can be determined using any methodology 
known to those of skill in the art. for example, by running the product on an 
%2d agarose gel and staining with ethidium bromide and comparing to known 

amounts of similarly treated nucleic acid standards. The amount of product 
may be determined at any convenient time point in allele specific PCR. One 
convenient way to compare the rate of formation of product is to compare the 
number of cycles required to form a specified amount of product in PCR. A 

25 determination is separately made for each set of primers of the difference 

between the number of cycles required to make a given amount of product 
with the oUgonucleotide having the 3'.nucleotide complementary to the 
corresponding nucleotide on a target/template nucldc acid and the number of 
cycles required to make the same amount of product with an oligonucleotide 

30 having the 3'-nucleotide not complementary to the corresponding nucleotide 

on a target/template nucleic acid. Substantially less extendable 
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oUgonucleotides wiU produce a larger difference in the number of cycles 
required to produce a specified amount of product between 3'HComplementary 
and 3'-not-complementary oUgonucleotides. Ttie amount of product made can 
be determined using any means known to those skilled in the art. for example. 

5 by determining the fluorescence intensity of a labeled product using a 

thermocycler adapted to perform real time fluorescence detection. Preferably 
the difference between the nmnber of cycles required to make a specified 
amount of product using oligonucleotides containing specificity enhancing 
groups WiU be between from about 1.05 fold to about 100 fold larger than the 

10 difference obtained using primers lacking specificity enhancing groups, or 

from about 1.05 fold to about 50 fold larger, or from about 1.05 fold to about 
25 fold larger, or from about 1.05 fold to about 10 fold larger, or from about 
1.05 fold to about 5 fold larger, or from about 1.05 to about 2.5 fold larger, or 
ftom about 1.05 to about 1.5 fold larger, or from about 1.05 fold to about 1.2 

15 fold larger. 

Support As used herein a "support" may be any material or matrix 
suitable for attaching the oUgonucleotides of the present mvention or 
target/template nucleic acid sequences. Such oligonucleotides and/or 

sequences may be added or bound (covalently or non-covalently) to the 
20 supports of the invention by any technique or any combination of techniques 

weU-known in the art Supports of the invention may comprise nitrocellulose. 

diazoceUulose. glass, silicon, polystyrene (including microtitie plates). 

polyvinylchloride. polypropylene, polyethylene, dexttan, Sepharose* agar, 

starch, nylon or any other material that aUows for the immobilization of 
25 nucleic acids. Supports of the invention may be in any fomi or configuration 

including, but not limited to. a flat surface, beads, filters, membranes, sheets. 

frits, plugs, columns, microspheres, fibers (e.g.. optical fibers) and the like. 

SoUd supports may also include multi-weU tubes (such as microtitte plates) 

such as l2-weU plates. 24-weU plates. 48-well plates. 96-well plates, and 384- 
30 weU plates. Preferred beads are made of glass, latex or a magnetic material 

(magnetic, paramagnetic or superparamagnetic beads). When using soUd a 
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support, labeled oUgonucleotide may be immobilized or added in solution {in 
the latter case, other components of the detection mixture will be 
immobilized). 

Any number of different sequences can be immobilized onto a support 
into any number of distinct regions to detect one or more sequences, including, 
but not limited to, nucleic acid target sequences. 

In a preferred aspect, methods of the invention may be used in 
conjunction with arrays of nucleic add molecules (RNA or DNA). Airays of 
nucleic acid template/target or anays of oUgonucleotides of the invention are 
both contemplated in the methods of the invention. Such arrays may be 
formed on microplates, glass sUdes or standard blotting membranes and may 
be referred to as microairays or gene-chips depending on the format and 
design of the array. Uses for such arrays include gene discovery, gene 
expression profiling and genotyping (SNP analysis, pharmacogenomics and 
toxicogenetics). 

Synthesis and use of nucleic acid arrays and, generally, attachment of 
nucleic acids to supports have been described (see, for example, U.S. Patent 
No. 5,436,327, U.S. Patent No. 5,800,992, U.S. Patent No. 5,445.934, U.S. 
Patent No. 5.763,170, U.S. Patent No. 5,599.695 and U.S. Patent No. 
5,837,832). An automated process for attaching various reagents to 
positionally defined sites on a substrate is provided in U.S. Patent No. 
5,143,854 and U. S. Patent No. 5,252,743. 

EssentiaUy, any conceivable support may be employed in the 
invention. The support may be biological, nonbiological, organic, inorganic, 
or a combination of any of these, existing as particles, strands, precipitates, 
gpls. sheets, tubing, spheres, containere, capillaries, pads. sUces. fihns. plates, 
sUdes, eto. The support may have any convenient shape, such as a disc, 
square, sphere, circle, etc. The support is preferably flat, but may take on a 
variety of alternative surface configurations. Fbr example, the support may 
contain raised or depressed regions on which one or more methods of the 
invention may take place. Hie support and its surface preferably forai a rigid 
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support on which to cany out the reactions described henan. The support and 
its surface are also chosen to provide appropriate Ught-absori)ing 
characteristics. For instance, the support may be a polymerized Langmuir 
Blodgett fibn. functionalized glass. Si, Ge. GaAs, GaP. SiOj, SIN4. modified 
5 siUcon. or any one of a wide variety of gels or polymers such as 

(poly)tetrafluoroethylene. (poly)vinylidenedifluoride, polystyrene, 
polycarijonate. or combinations thoeof. Other support materials will be 
readily apparent to those of skill in the art upon review of this disclosure. In a 
preferred embodiment, the support is flat glass or single<rystal siHcon. 
10 Target molecule. As used herein, "target molecule" refers to a nucleic 

acid molecule to which a particular primer or probe is capable of preferentially 
hybridizing. 

Target sequence. As used herem, "target sequence" refers to a nucleic 
acid sequence within the target molecules to which a particular primer or 

15 probe is capable of preferentially hybridizing. 

Template. The term "template" as used herein refers to a double- 
stranded or single-stranded molecule which is to be amplified, synthesized or 
sequenced. In the case of a double-stranded DNA molecule, denaturation of 
its strands to form a first and a second strand is preferably perfonned to 

20 ampUfy. sequence or synthesize these molecules. A primer, complementary to 

a portion of a template is hybridized under appropriate conditions and the 
polymerase (DNA polymerase or reverse transcriptase) may then synthesize a 
nucleic acid molecule complementary to said template or a portion thereof. 
The newly synthesized molecule, according to the invention, may be equal or 

25 shorter in length than the original template. Nfismatch incorporation during 

the synthesis or extension of the newly synthesized molecule may result in one 
or a number of mismatched base pairs. Thus, the synthesized molecule need 
not be exactly complementary to the template. The template can be an RNA 
molecule, a DNA molecule or an RNA/DNA hybrid molecule. A newly 

30 synthesized molecule may serve as a template for subsequent nucleic acid 

synthesis or amplification. 
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Thennostable. As used herein, "thennostable" refers to a polymerase 
(RNA, DNA or RT) which is resistant to inactivation by heat. DNA 
polymerases synthesize the formation of a DNA molecule complementary to a 
single-stranded DNA template by extending a primer in the 5'-to-3' direction. 
This activity for mesophiUc DNA polymerases may be inactivated by heat 
treatment Fbr example. T5 DNA polymerase activity is totally inactivated by 
exposing the enzyme to a temperature of QCC for 30 seconds. Asusedherein. 
a thermostable DNA polymerase activity is more resistant to heat mactivation 
than a mesophiUc DNA polymerase. However, a thermostable DNA 
polymerase does not mean to refer to an enzyme which is totally resistant to 
heat inactivation and thus, heat treatment may reduce the DNA polymerase 
activity to some extent. A thermostable DNA polymerase typically will also 
have a higher optimum temperature than mesophiUc DNA polymerases. 

Vector. As used herein, is a DNA that is able to repUcate or be 
repUcated in vitro or in a host ceU or that provides a useful biological or 
biochemical property to an mserted gene. Examples include plasmids, phages, 
and other DNA sequences. A Vector can have one or more restriction 
cndonuclease recognition sites at which the DNA sequences can be cut in a 
determinable fashion without loss of an essential biological function of the 
vector, and into which a DNA ftagment can be spUced in order to bring about 
its repUcation and cloning. Vectors can further provide primer sites, e.g., for 
PGR, transcriptional and/or translational initiation and/or regulation sites, 
lecombinational signals. lepUcons. Selectable markers, etc. The cloning 
vector can further contain a Selectable maricer suitable for use in the 
identification of cells transformed with die cloning vector. Any number of 
hosts may be used to express the present invention; including ptokaryotic and 
eukatyotic cells. Host ceUs that may be used are those well known in die art 

Otiier terms used in the fields of recombinant DNA technology and 
molecular and ceU biology as used herwn will be generally understood by one 
of ordinary skill in the appUcable arts. 
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Oligonucleotides 

The oUgonucleotides of the invention can be DN A or RN A or chimeric 
mixtures or derivatives or modified versions thereof. In addition to being 

5 labeled witii a detectable moiety, die oUgonucleotide can be modified at die 

base moiety, sugar moiety, or phosphate backbone, and may include otiier 
appending groups or labels. Further, die oUgonucleotides for use in the 
invention can be any suitable size, and are preferably in die range of 10-100 or 
10-80 nucleotides, more preferably, 11-40 nucleotides and most preferably, m 

10 die range of 17-25 nucleotides altiiough oUgonucleotides may be longer or 

shorter depending upon die need. 

The oUgonucleotides of the invention may comprise at least one or 
more modified base moieties which are selected from die group including, but 
not Umited to. 5-fluorouracil, 5-bromouradl, 5-chlorouraca. 5-iodouracil. 
15 hypoxantiune. xandune, 4.acetylcytosine, 5-(carboxyhydroxyhnediyl) uracil. 

5-carboxymediylammo-metiiyl-2.duouiidine. 5<aiboxymetiiylaminomediyl- 
uraeil dihydiouracU, beta-D-galactosylqueosine, inosine, 

N^-is^pentenyladenine. 1-mediylguanine. 1-mediy-Unosine, 

2.2-dimediylguanine. 2-me&yladenine. 2-mediylguanine. 3-mediylcytosme. 
20 5-mediylcytosine. N<^-adenine. 7.mediylguanine. 5-medxylaminomediyluracil. 

5-metfioxyaminomediyl-2.tiuouradl. beta-D-mamiosylqueosine. 
S'-metiioxycaiboxy-mediyluracil. 5-medioxyuracil. 2-metiiyl- 

thio-N^-isopentenyladenine, uracil-5^>xyacetic acid (v), wybutoxosine. 
pseudouracU. queosine. 2-tiuocytosine. 5.mediyl-2.tiuouracil. 2-duouraca. 
25 4-duouracU, 5-metiiyluracU. uracU-5-oxyacetic add mediylester, 

uraril-5-oxyacetic acid (v), 5-meAyl-2-tiuouracil. 3-(3.amino-3-N.2. 
carboxypropyl) uradl, (acpSK and 2,6-diaminopurine. 

m anotiier embodiment, die oUgonucleotides of die invention 
comprises at least one modified or umnodified sugar moiety selected from die 
30 group including, but not Umited to. arabinose. 2-fluoroarabinose. xylulose, 

hexose. and glycopyranosyl groups including, but not Umited to. diose of 
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glucossfe, mannose, galactose, gulose, aUose, altrose, idose, and talose. Among 
the furanosyl structures, examples include, but are not limited to, those derived 
from fructose, arabinose or xylose. 

In yet another embodiment, the oligonucleotides of the invention 
comprises at least one modified phosphate backbone selected from the group 
consisting of a phosphorothioate, a phosphorodithioate, a 
phosphoramidothioate, a phosphoramidate, a phosphordiamidate, a 
methylphosphonate, an alkyl phosphotriester, and a foimacetal or analog 
thereof. 

Additionally, one or a number of the oligonucleotides of the present 
invention comprise at least one nucleotide derivative or nucleotide analogue. 
Examples of such derivatives include, but are not limited to, a deoxyinosine 
residue, a thionucleotide, a peptide nucleic acid and the like. 

Further examples of modified oligonucleotides or nucleotide analogues 
that can be used in the practice of the invention are represented by the 
following formula: 




wherein, 

X is -0-, -S-, -SO-, -SOr. -Se-, C(R8R9), -N(R,oRii). NRio, P(02). or 

P(0)-0-Ri2; 

Uis-0-,-S-,-SO-. -SOr.-Se-.C(El8),orNRio; 
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R, is heteioaryl. heterocycUc, or aryl; preferably. Ri is a heteroaryl 
group. e.g., a nucleobase such as adenine, guanine, cytosine, uracil and 
thymine and analogs and derivatives diereof ; 

R2. R3, Rs. R8. independentiy are hydrogen, alkyl, alkyloxy. 
5 alkylamino. alkylthio, aryl, aryloxy, carboxyUc acid, carboxamide, aminoacid 

ester, hydioxyacid ester, peptide, sugar residue, hydroxy.- amino, or thio; 

each R4 is hydroxy, alkoxy. amino, thio. a nucleic add molecule or a 
modified nucleic acid molecule; 

Re is R2 (when U is CRs) or any one of hydrogen, alkyl. aryl. 
10 caiboxamide, amino acid amide, hydroxy acid amide, peptide, or sugar residue^ 

(when U is NRio) or R<5 is absent when U is -0-. -S-, -SO, -SO2-. or -Se- ; 

R7 is hydrogen, triphosphate, diphosphate, monophosphate, a nucleic 
add molecule or a modified nucleic acid molecule; 

Rio and R,2 independently are alkyl. aryl. carboxamide. amino acid 
15 ester or amide, hydroxy acid ester or amide, peptide, or a sugar residue; and 

Ri, is alkyl, alkyloxy, alkylamino, alkylthio. aryl. aryloxy, carboxyUc 
add, carboxamide, amino acid, hydroxyacid, peptide, or sugar residue; 

wherein at least one of R4 and R7 is a nucleic acid molecule or a 
modified nucleic add molecule and wherein the above structure is attached to 
20 the sugar moiety, for example, of the nucleic acid molecule or modified 

nucleic acid molecule. 

Such nucleotide analogues may be prepared according to methods weU 
known to those of ordinary skiU in the art For example, a synthetic 
oUgodeoxynucleotide containing 5-[6-aminohexyl)-3-acrylimido]-2'- 

25 deoxyuridine is prepared using phosphoramidite chemistry and the appropriate 

phosphoramidites. This oUgodexoynucleotide is dissolved in 0.1 M sodimn 
borate buffer at pH 8.5. A solution containing a 30 fold excess of the N- 
hydroxysuccinimide ester of a fluorescent dye is dissolved in dimethyl 
sulfoxide and this solution is added to the oligodeoxynucleotide. The reaction 

30 is allowed to proceed for 1 hour. The excess dye is removed by predpitation, 

and the modified oUgodeoxynucleotide is purified by gel filtration. 
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polystyrene cartridge, or HPLC. The Ust of dyes used in this procedure 
include, without limitation, the following: 5-ROX, 6-ROX, Huorescdn (5^ 
mixture of isomers as weU as pure 5 and pure 6 isomer). TAMRA, Texas Red, 
Tet, Hex. Alexa Huor 350, Alexa Huor 430, Alexa Huor 532, Alexa Huor 
5 546, Alexa Huor 568, Alexa Huor 594, BODIPY 650, LaJolla Blue, and JOE. 

Useful alkyl groups include, but are not limited to. straight-chained and 
branched Ci.,8 alkyl groups, preferably Cmo alkyl groups, more preferably C,. 
5 alkyl groups. Typical Cms alkyl groups include, but are not limited to. 
methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, tert-butyl, 3-pentyl, hexyl, 
10 octyl.decyl.dodecyl.tetradecyl,hexadecyl and octadecyl groups. 

Useful aryl groups include, but are not limited to. C6-i4 aryl. especially 
Q-io aryl. Typical C6-u aryl groups mclude, but are not limited to, phenyl, 
naphthyl, phenanthryl. anthracyl, indenyl. azulenyl, biphenyl. biphenylenyl 
and fluorenyl groups. 

15 Useful alkoxy groups include, but are not limited to. oxygen 

substituted by one of the Cio alkyl groups mentioned above. 

Useful alkylthio groups include, but are not limited to, sulfur 
substituted by one of the d-io alkyl groups mentioned above. 

Useful alkylamino and dialkylamino groups include, but are not 
.20 limited to. — NHRw and — NR14R15, wherein R13 - Ris are independently C,.io 

alkyl groups. 

Useful saturated or partially saturated heterocycUc groups include, but 
are not limited to, tetrahydrofuranyl, pyranyl, piperidinyl, piperizinyl, 
pynoUdinyl. imidazoUdinyl, imidazolinyl, indolinyl, isoindolinyl, 
25 quinucUdinyl. morpholinyl, isochromanyl. chromanyl, pyrazoUdinyl 

pyrazolinyl, tetronoyl and tetramoyl groups. 

Useful heteroaryl groups include, but are not limited to. any one of the 
following: thienyl. ben2o[b]thienyl. naphtho[2.3-b]thienyl. thianthrenyl. fiiryl, 
pyranyl. isobenzofuranyl, chromenyl, xanthenyl, phenoxanthiinyl, 
30 2H-pyrrolyl. pyrrolyl. imidazolyl, pyrazolyl, pyridyl, pyrazinyl. pyrimidinyl, 

pyridazinyl. indolizinyl, isoindolyl. 3H-indolyl. indolyl. indazolyl. purinyl. 
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4H-quinoliziiiyl. isoqoinolyl. quinolyl. phthalzinyl. naphthyridinyl. 
quinozalinyl.ciimoUnyl.pteridmyl,caiba2olyl, p-caibolinyl. phenanthridinyl. 
acrindinyl. perimidinyl, phenanthrolinyl. phenazinyl. isothiazolyl. 
pheaothiazinyl. isoxazolyl, farazanyl, phenoxaziiiyl. 

1.4-dihydK)quinoxaline-2,3-dione, T-aminoisocoumarin, pyrido[l> 
a]pyrimidm-4-one, l,2-benzoisoxazol-3-yl. benzimidazolyl, 2-oxindolyl and 
2-oxobenzimidazolyl. Where the heteroaryl group contains a nitrogen atom in 
a ring, such nitrogen atom may be in the form of an N-oxide, e.g., a pyiidyl N- 
oxide, pyrazinyl N-oxide, pyrimidinyl N-oxide and the like. 

Amino acids include, but are not Umited to, any of the naturally 
occurring amino acids as weU as non-naturaUy occuring amino adds. 
Examples of amino adds include, but are not Umited to, tyrosine, glycine, 
phenylalanine, methionine, alanine, serine, isoleudne, leucine, threonine. 
vaUne, proUne. lysine, histidine. glutamine, glutamic add, tryptophan, 
15 arginine, aspartic add, aspari^ne and cysteine. 

Examples of peptides include, but are not limited to, those having 
about 2 to about 50 amino acids. 

Hydroxy acids include, but are not Umited to, any alkylcarboxyUc add 
substituted on the alkyl group with a hydroxy group. Such hydroxy acids may 
20 contain from about 2 to about 50 carbon atoms, preferably, about 2 to about 6 

carbon atoms, and include, without Umitation, glycoUc add, lactic add, 2- 
hydroxybutyric add, 3-hydroXybutyric acid, 4-hydroxybutyric add, 2- 
hydroxyisobutryic acid, 2-hydroxy-2-methylbutyric add, 2-hydroxy-3- 
methylbutyric add. 2-hydroxyvaleric acid, 2-hydroxycaproic add, 2- 
25 hydroxyisocaproic acid and the like. 

Such nucleic add molecules may be DNA, RNA, and modified nucleic 
add molecules such as phosphorothioates, protdn nucldc adds (PNA) and 
locked nucleoside analogs (LNA). Such modifications may be at or near the 
3'- and/or 5'-termini of the nuddc acid molecules and/or withm the nucleic 
30 acid molecule. 
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There are many known modifications of nuclac acid molecules. See, 
for example, U.S. Patent Nos. 6,160.109. 6.153.737. 6,153.599, 5.147^ 
6.146,829. 6.133.444. 6,133.438. 6.127.533. 6,114.519. 6,114.513, 6.111.085. 
6.093.807. 6.063.569. 6.043.352. 6.025,482. 6,005,087. 6.001,841. 5,998.603. 
5,998,419. 5.969.li8, 5,965.721. 5,955.600. 5,914.396. 5.866,691. 5,859.232. 
5.859,221. 5,856,466, 5,808,023. 5,736.336. 5.717.083. 5,714331. 5.705,621. 
5.700.922. 5.654.284, 5.646.265. 5.644.048. 5.637.684. 5.602.240, 5,596.091. 
5,506,212. 5,521.302, 5,541.307. 5.543.507. 5.519.134. and 5,554.746. as weU 
as WO 99/14226 (LNAs). WO 96/35706. WO 96/32474. WO 96/29337 
(thiono triester modified antisense oUgodeoxynucleotide phosphorothioates), 
WO 94/17093 (oligonucleotide alkylphosphonates and alkylphosphothioates), 
WO 94/08004 (oUgonucleotide phosphothioates, methyl phosphates, 
phosphoramidates. dithioates. bridged phosphorothioates. bridge 
phosphoramidates. sulfones. sulfates, ketos, phosphate esters and 
phosphorobutylamines (van der Krol et aL, Biotech. 6:958-976 (1988); 
Uhhnann et al., Chenu Rev. 90:542-585 (1990)). WO 94/02499 
(oUgonucleotide alkylphosphonothioates and arylphosphonothioates). and 
WO 92/20697 (3'-end capped oligonucleotides). 

Modified oUgonucleotides of the invention may have one or more 
modifications at one or more positions within the oUgonucleotide(s) and/or at 
or near tiie 3'- and/or 5'-termini. In one embodiment, the oligonucleotide(8) 
may be modified on one of the two 3'- or 5'-most terminal nucleotides, one of 
die five 3'- or 5'-most terminal nucleotides, one of the ten 3*- or 5'-most 
terminal nucleotides, one of the fifteen 3'- or 5'-most terminal nucleotides, or 
one of the twenty 3'- or 5'-most terminal nucleotides. In a specific 
embodiment, the oligonucleotide(s) may be modified at the second base from 
the 3'- or 5'-termini, at the tiiird base from tiie 3'- or 5*-temiini, at the fourtii 
base from the 3'- or 5'-termini. at the sixth base from the 3'- or 5'-termini, or 
up to the twentieth base from the 3'- or 5*-tennini. 

The oUgonucleotides of the invention may be immobiUzed on a soUd 
support The methods of immobiUzing labeled oUgonucleotides which are 
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quenched (by the methods of the mvention) provide a homogenous method for 
detection of various nucleic acids. In a preferred embodiment, target DNA or 
RNA from a sample can be hybridized to an immobilized oligonucleotide and 
the change in the detectable label on the immobilized oUgonucleotide used as 
an indication of the presence or absence of a particular gene or sequence in the 
sample. Thus, the immobilized oUgonucleotide can fimctioh as a probe. By 
immobilizing the oUgonucleotide. the target nucleic add does not need to be 
copied (which can result in missed sequences due to inefficient copying) or 
labeled. The change in the oUgonucleotide detectable label can be due to 
hybridization or hybridization foUowed by enzymatic extension of the 
inmiobiUzed oUgonucleotide. In other embodiments, the enzymatic extension 
may result in the ampUfication of the nucldc acid target locaUy at the position 
of the immobiUzed oUgonucleotide. 



Labeling 



The present invention provides oUgonucleotides, which may be labeled 
intemaUy. and/or. at or near the 3'- and/or 5'-termini or may be unlabeled. In 
one embodiment, the oUgonucleotide(s) may be labeled on one of the two 3'- 
or 5'-most terminal nucleotides, one of the five 3'- or 5'-most terminal 
nucleotides, one of the ten 3'- or 5'-most terminal nucleotides, one of the 
fifteen 3'- or 5'-most terminal nucleotides, or one of the twenty 3'- or 5'-most 
terminal nucleotide. In a specific embodiment, the oUgonucleotide(s) may be 
labeled at the second base from the 3'- or 5'-termini. at the third base from the 
3'- or 5'-termini. at the fourth base from the 3'- or 5'-termini. at the sixth base 
from the 3'- or 5'-termini. or up to die twentieth base from the 3'- or 5*- 



termini 



In another aspect, the oUgonucleotides of the present invention may be 
provided with a specificity enhancing group. Such a grx)up may be located 
intemaUy and/or at or near the 3'- and/or the 5'-termini of the oUgonucleotide. 
In anoAer aspect, the oUgonucleotides of the present invention may be in the 
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form of a hairpin. Jn some prefened embodiments, the oligonucleotides may 
be provided with more than one of these characteristics. i.e.. they may 
comprise a label and/or a specificity enhancing group and/or may be in the 
form of a hairpin. 

5 When labeled. oUgonucleotides of the invention may contain one or 

multiple labels (which may be the same or different). The oUgonucleotides of 
the invention may be used as primers and/or probes. In a preferred aspect, die 
oligonucleotides are labeled and the label is any moiety which undergoes a 
detectable change in any observable property upon hybridization and/or 

0 extension. In a preferred embodiment, the label is a fluorescent moiety and 

the label undergoes a detectable change in one or more fluorescent properties. 
Such properties include, but are not Umited to. fluorescent intensity, 
fluorescent polarization, fluorescent lifetime and quantum yield of 
fluorescence. 

15 The oligonucleotides of die invention can be labeled (as described 

above) using any known labeUng mefliod. As an example, die 
oUgonucleotides may be labeled by: (1) attachment at die sulfur of a 
phosphorotiiioate Unkage; (2) attachment at a 2'-amino group; (3) 
attachment at die 1' position using an appropriately modified sugar containing 

20 an alkylamine substituted caiboxamide. for example; (4) attachment at die 1' 

position using an abasic site, for example, and an alkyl diamine as a Unker. for 
example; (5) creation of a structure by reductive aUcylation of flie adduct 
formed between an aUcyl diamine and an abasic site; (6) incorporation using 
4'.duo-2*-deoxyuridineor4'-duodiymidine; (7) attachment at die 2*-position 

25 of 4-diiodiymidine or 4-duo-2'-deoxyuridine; (8) attachment at die 4-amino 

position of deoxycytidine. if die 4-amino group is derivatized witii an 
alkylamine; (9) attachment tiirough die 6' position of adenine, if die 6-amino 
group is derivatized widi an alkylamino moiety; (10) incorporation using die 
8' position of adenine if diis position is substituted widi an alkyl diioamine; 

30 (11) attachment at die of guanine, if die amino is derivatized widi an 
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alkylamino group; or (12) attachm«it at the position of aminoadenine if 
the 2-ainino group is derivatized with an alkylamine. 

Modifications to enhance specificity and to reduce primer^iinier formation 

5 

It has been unexpectedly found that the oligonucleotides of the present 
invention may be used to enhance the specificity of amplification and/or 
synthesis (e.g.. reduce mis-priming) and/or hybridization reactions. Without 

wishing to be bound by theory, it is beUeved fliat the abiUty of the 
10 oligonucleotides as primers that form hairpin structures at temperatures aromid 

the annealing temperature of the PCR reaction or sequestration of the 3'-end 
of the primer makes the primers less capable of mis-priming to the target 
nucleic add molecule. This increase in specificity is not dependent upon the 
particular target nucleic add template and has been observed witii a variety of 
15 templates. Hie increase in spedficity is particularly important for Ae 

amplification of templates tiiat are difficult to amplify and that produce low 
amounts or none of the desired ampUfication product in PGR reactions. See, 

e.g.. Examples 14 and 15. 

In addition to hairpin structures, any stiucttire that sequesters the 3'-end 
20 of the oUgonucleotide primer may be used to practice the present invention. 

For example, ttie 5'-portion of the oUgonucleotide primers of the present 
invention may be provided with a sequence that is capable of forming a duplex 
such that the 3'-end interacts with the duplex to form a triplex. In general, any 
primer sequence tiiat reversibly involves the 3'-portion of the primer in a stable 

25 structure that is not capable of amiealing to the template DNA while in that 

structure may be used to practice the present invention. In some 
embodiments, an oligonucleotide complementary to die primer may be 
provided so as to sequester the 3'^nd of die primer. Complementary 
oligonucleotides may be provided with a 5'-oveihanging region which may be 

30 - designed to include self-complementary regions capable of forming hairpins. 

It is not necessary that the entire 3'-portion of tiie primer be sequestered, so 
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long as the portion not sequestered is not capable of mis-priming the nucleic 
add template, it is sufficient to practice the present invention. 

Regarding the hairpin structure, when a primer is in hairpin 
conformation, the 3'-end of the primer is base paired with the 5'-segment and 
5 thus, is less available for mispriming or primer-dimer formation. However, 

when the hairpin has a blunt end. there is another pathway for primer-dimer 
formation. Specifically, two blunt ends can be taken into close proximity by 
the polymerase and, as a result, the 3'-ends of the forward primer, for 
example, can displace the 5'-ends of Ae reverse primer, for example, or the 
10 reverse, and create a complement sequence. The proposed mechanism was 

confirmed by sequencing primer-dimers obtained with hairpin primers. The 
understanding of this mechanism enabled the suggestion of a solution for the 
problem. It was discovered that modification at or near the 5'-termini of a 
hairpin primer prevents primer-dimer formation. This may be due to 
15 inhibition of the displacement of the 5*-end of the hairpin. See Examples 15 

and 16. Such modifications include adding 2*-0-alkyl or 2'-0-methyl. 
creating a 5'-5' phosphodiester bond, and adding C3-amino. C6-amino or 
biotin. 

An alternative method of minimizing primer-dimer formation while 
^20 using haiipin primers is to make oUgonucleotides with the 3'-end extended by 

1 or 2 nucleotides that are not complementary to each other. See Example 17. 

Another alternative to primer-dimer reduction does not prevent primer- 
dimer formation, but makes them invisible. Since with hairpin primers, 
primer-dimers arc formed very uniformly (as described in Example 15), the 
25 3'-€nds of two primers in doubl^stranded stracture are in immediate 

proximity. Therefore, by labeling one primer with a reporter and another with 
a quencher close to their 3*-ends. one causes quenching of fluorescence to 
occur. The fluorescence of the real ampUconwiU not be effected as soon as a 
nucleotide sequence longer than about 20 nucleotides separates the primers. 
30 See Example 18. 
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Thus, for an increase in specificity for nucleic acid amplification or 
synthesis and/or for decreased or reduced mis-annealing of primers (mis- 
priming) during nucleic acid synthesis or amplification, the oligonucleotides 
of the invention may be: (1) in hairpin conformation or otherwise configured 
so as to sequester or block the 3'-end of the oUgonucleotide primer (for 
example by hybridizing a sequence at or near such 3'-termini); (2) modified 
at or near the 5*-tennini; and/or (3) combinations of (1) and (2). 

Exemplary Uses of the Inventive Oligonucleotides 



The oUgonucleotides of the invention Gabeled, unlabeled, hairpin, 
modified, or unmodified or any combination thereof) have use in nucleic acid 
amplification, synthesis or hybridization reactions (e.g.. as primers) to detect 
or measure a nucleic acid product of the amplification or synthesis or 

15 hybridization reaction, thereby detecting or measuring a target nucleic acid in 

a sample that is complementary to all or a portion of a primer sequence. The 
oligonucleotides of the invention may be used in any amplification reaction 
including PGR. 5-RACE, Anchor PGR. "one-sided PGR," LCR, NASBA, 
SDA, RT-PCR, real-time PGR, quantitative PGR. quantitative RT-PGR. and 

20 other amplification systems known in the art including in a universal primer 

fonnat 

Thus, the invention generally relates to methods of synthesizing or 
ampli^g one or more nucleic acid molecules comprising: 

(a) mixing one or more templates or target nucleic acid molecules 
25 widi one or more oligonucleotides of the invention; and 

(b) incubating said mixture under conditions sufficient to 
synthesize or amplify one or more nucleic acid molecules complementary to 
all or a portion of said templates or target molecules. 

Preferably, die synthesized or amplified nucleic acid molecules 
30 comprise one or more oligonucleotides of die invention or portions thereof. In 

one aspect, die oUgonucleotides of the invention are incorporated at or near 
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one or both termini of the synthesized or amplified nucleic acid molecules 
produced by the methods of the invention. The invention also relates to one or 
more nucleic acid molecules produced by such amplification or synthesis 
reactions. 

5 In another aspect, the invention relates to methods of synthesizing one 

or more nucleic add molecules, comprising: 

(a) mixing one or more nucleic acid templates (which may be 
DNA molecules such as a cDNA molecules, RNA molecules such as mRNA 
molecules, or populations of such molecules) with one or more 

10 oligonucleotides of the invention and one or more polymerases; and 

(b) incubating the mixture under conditions sufficient to synthesize 
one or more first nucleic acid molecules complementary to all or a portion of 
the templates. 

Such incubation conditions may involve the use of one or more 
15 nucleotides and one or more nucleic acid synthesis buffers. Such methods of 

the invention may optionally comprise one or more additional steps, such as 
incubating tiie synthesized first nucleic acid molecules under conditions 
sufficient to make one or more second nucleic acid molecules complementary 
to aU or a portion of the first nucleic acid molecules. Such additional steps 
20 may also be accomplished in the presence of one or more primers of the 

invention and one or more polymerases as described herein. The invention 
also relates to nucleic acid molecules syntiiesized by these mediods. 

The invention also relates to methods for sequencing nucleic acid 

molecules con^>rising: 
25 (a) mixing a nucleic acid molecule to be sequenced with one or 

more primers of die invention, one or more nucleotides and one or more 

terminating agents to form a mixture; 

(b) incubating die mixtiire und» conditions sufficioit to synthesize 

die population of molecules complementary to all or a portion of the molecule 
30 to be sequence; and 



wo 02/057479 



PCTAJSOl/50460 



-79- 



(c) separating the population to detennining the nucleotide 
sequence of all or a portion of the molecule to be sequenced. 

The invention more specifically relates to a method of sequencing a 

nucleic acid molecule, comprising: 

(a) mixing one or more of the oligonucleotides of the invention, 
one or more nucleotides, and one or more terminating agents; 

(b) hybridizing said oUgonucleotides to a first nucleic acid 

molecule; 

(c) incubating the mixture of step (b) under conditions sufficient to 
synthesize a random population of nucleic acid molecules complementary to 
said first nucleic acid molecule, wherein the synthesized molecules are shorter 
in length than said first molecule and wherein said synthesized molecules 
comprise a terminator nucleotide at their S'-termini; and 

(d) separating said synthesized molecules by size so that at least a 
part of tiie nucleotide sequence of said first nucleic add molecule can be 
determined. Such terminator nucleotides include ddTTP, ddATP, ddGTP, 
ddTTP or ddCTP. Such incubation conditions may include incubation in the 
presence of one or more polyinerases and/or buffering salts. 

In a related aspect, the oUgonucleotides of the invention are useful in 
detecting the presence or absence of or quantifying the amount of nucleic acid 
molecules in a sample without the need for performing amplification or 
synthesis reactions. In accordance with the invention, an oUgonucleotide may 
be provided with one or more labels which undergo a detectable change in at 
least one observable property when tiie oligonucleotide comprising the label is 
converted to a double-stranded molecule (e.g., by hybridizing the 
oUgonucleotide to a target molecule). TTius. a change in an observable 
property indicates the presence of the target molecule in the sample when 
compared to a control sample not containing the nucleic acid molecule of 
interest Quantification of the nucleic acid target molecule in the sample may 
also be determined by comparing changes in the observable property in an 
unknown sample to die changes in die observable property in samples 
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contaiimig known amounts of the nucleic add target molecule of interest 
Any samples thought to contain the nucleic acid molecule of interest may be 
used including, but not limited to, biological samples such as blood, urine, 
tissue, cells, feces, serum, plasma, or any other samples derived from animals 
5 (including humans), plants, bacteria, viruses and the like. Environmental 

samples such as soU samples, water samples, air samples and the like may also 
be used in accordance with the invention. 

The oUgonucleotides of the invention can be used in methods of 
diagnosis, wherem the oUgonucleotide is complementary to a sequence (e.g.. 
10 genomic or cDNA) of an infectious di^ase agent or is capable of initiating 

synthesis or amplification of a sequence of an infectious disease agent, e.g., of 
human disease including, but not limited to, viruses (e.g, HIV. HPV, etc.). 
bacteria, parasites, and fungi, thereby diagnosing the presence of the infectious 
agent in a sample from a patient. The type of target nucleic acid can be 
15 genomic. cDNA, mRNA. or synthetic, or the source may be human, animal, or 

bacterial. In another embodiment that can be used in the diagnosis or 
prognosis of a disease or disorder, the target sequence is a wild type human 
genomic or RNA or cDNA sequence, mutation of which is implicated in the 
presence of a human disease or disorder, or altematively, can be the mutated 
sequence. In such an embodiment, the hybridization, amplification or 
synthesis reaction of the invention can be repeated for the same sample with 
different sets of oUgonucleotides of the invention (for example, with 
differentiy labeled oligonucleotides) which selectively identify tiie wUd type 
sequence or the mutated version. By way of example, the mutgtiqn can be an 
25 insertion, substitution, and/or deletion of one or more nucleotides, or a 

translocation. In another embodiment, the oUgonucleotides can be used in SNP 
analysis, pharmacogenomics and toxicogenetics. 

In a specific embodiment, the invention provides a method for 
detecting or measuring a product of a nucleic acid ampUfication or synthesis 
30 reaction comprising: (a) contacting a sample comprising one or more target 

nucleic acid molecules with one or more primers (such primers may comprise 
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one or multiple labels, which may be the same or different and may be labeled 
internally, and/or, at or near the 3'- and/or 5'-end). said primers being adapted 
for use in said amplification or synthesis reaction such that said primers are 
incorporated into an ampUfied or synthesized product of said amplification or 
5 synthesis reaction when a target sequence or nucleic acid molecule is present 

in the sample; (b) conducting the ampUfication or synthesis reaction; and (c) 
detecting or measuring one or more synthesis or ampUfication product 
molecules (preferably by detecting a change in one or more observable 
properties of one or more labels). 
10 In another specific embodiment, the invention provides for a method of 

detecting or measuring the presence or absence of or the amount of a target 
nucleic acid molecule within a sample comprising: (a) contacting a sample 
comprising one or more target nucleic acid molecules with one or more 
oUgonucleotides of the invention (such oUgonucleotides may comprise one or 
15 multiple labels, which may be the same or different and may be labeled 

internally and/or at or near the 3'- and/or 5'-end); (b) incubating said mixture 
under conditions sufficient to allow said oligonucleotides to interact widi said 
target molecules sufficient to form double-stranded molecules (preferably 
through hybridization); and (c) detecting one or more of said target nucleic 
20 acid molecules (preferably by detecting a changp m one or more observable 

properties of one or more labels). 

The present invention provides a method for detecting a targpt nucleic 
acid sequence, comprising contacting a sample containing a mixture of nucleic 
acids witii at least one oUgonucleotide of the present invention, die 
25 oligonucleotide being capable of hybridizing a target nucleic acid sequence 

and comprising at least one detectable moiety, wherein the detectable moiety 
undergoes a change in one or more observable properties upon hybridization 
to the target nucleic acid sequence and observing tiie observable property, 
wherein a change in the observable property indicates the presence of the 
30 target nucleic acid sequence. In some embodiments, the target nucleic acid 

sequence is not separated fiom Uie mixture. In some embodiments, the 
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observable property is fluorescence. In some embodiments, the change is an 
increase in fluorescence. In some embodiments, the changp is a decrease in 
fluorescence. In some embodiments, the oUgonucleotide comprises a 
specificity enhancing group. In some embodiments, the oligonucleotide is in 

S ' the form of ahairpin. 

The present invention provides a method for quantifying a target 
nucleic acid molecule, comprising contacting a sample containing a mixture of 
nucleic acids comprising the target nucleic add molecule with at least one 
oUgonucleotide of the present invention, the oligonucleotide being capable of 

LO hybridizing to the target nucleic add molecule and comprising at least one 

detectable moiety, wherein the detectable moiety undergoes a change in one or 
more observable properties upon hybridization to the target nucleic acid 
sequence, and observing the observable property, wherein a changp in the 
observable property is proportional to the amount of the target nucldc add 

15 molecule in the sample. 

In a further aspect, the invention relates to the use of one or more 
treatments to lower or decrease the energy emitted by the labels of the 
oUgonucleotides of the invention. Such treatments may be used in accordance 
with the invention to lower the background in the hybridization, synthesis or 

20 amplification methods of the invention. In one aspect, single-stranded nucleic 

acid binding protein (E. coli, T4 bacteriophage or Archaea (see KeUy, et al. 
Proceedings of tlte National Academy of Sciences, USA 95:14634-14639 
(1998), Chedin, et al., TIBS 23:273-277 (1998). US. Patent Nos. 5.449,603, 
5.605.824. 5,646.019. and 5.773.257)) may be used to interact with single- 

25 stranded labeled oUgonucleotides of the invention to reduce or quench energy 

emitted or other detectable propMties from the labels. Such single-stranded 
binding proteins may be native or modified. During the detection or 
quantitation process (hybridization, synthesis or ampUfication reactions) 
double-stranded nucleic acid molecules formed do not substantiaUy interact 

30 with single-stranded binding protein or interact minimaUy with such double- 

stranded molecules. Accordingly, in the unreacted state (single-stranded form 
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of the oUgonucleotides of the invention), energy emitted or other detectable 
properties (e.g.. fluorescence) is reduced or quenched whUe in the reactive 
form (double-stranded molecules) energy emitted or other detectable 
properties is enhanced. In another aspect, blocking oUgonucleotides which 
5 contain quencher molecules may be used to competitively bind the labeled 

oUgonucleotides in the invention in the unreacted state thereby reducing 
energy emitted or other detectable properties of the labeled oUgonucleotide. 
In another aspect, one or more additional fluorescent moieties may be 
incorporated into the blocking molecule such that the fluorescent moiety on 
10 the oUgonucleotide of the invention is in proximity to the one or more 

additional fluorescent moieties when the oUgonucleotide of the invention is in 
the mireacted state. The presence of an additional fluorescent molecule can 
reduce the background fluorescence level even though there is Utfle or no 
overlap between the emission spectrum of the fluorescent moiety on the 
15 oUgonucleotide of the invention and the absorption spectrum of the one or 

more additional fluorescent moieties on the blocking oUgonucleotide. A 
possible reason for this background reduction is the involvement of the 
additional mechanism of the fluroescent quencher, for example. coUisional. 
When a fluorophore is used as a quencher in addition to being used as the 
20 detectable label, the mechanism of quenchmg will be coUisional. 

When the oUgonucleotide of the invention has the capabUity of 
forming a hairpin stmcture. those skiUed in the art will appreciate that the one 
or more additional fluorescent moieties can be brought into proximity with the 
label on the oUgonucleotide of the invention by attaching the one or more 
25 additional fluorescait moieties to nucleotides in one strand of the stem 

structure of the hairpin while attaching one or more labels to nucleotides in the 
other strand. During detection or quantitation, target nucleic acid molecules 
interact with labeled oUgonucleotides of the invention thereby enhancing 
energy emitted or other detectable properties by the labels. Such interaction 
30 may separate the blocking oUgonucleotide (e.g.. quenchei/additional 
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fluorescent moiety-containing molecule) from the label containing 
oligonucleotide of the invention. 

In another aspect of the present invention, the sequence of the 
oUgonucleotide and/or a blocking oligonucleotide may be selected so as to 
5 reduce the background fluorescence of the oligonucleotides of the invention. 

It has been unexpectedly found that the base sequence in the vicinity of the 
label can have a dramatic effect on the background fluorescence level. The 
background fluorescence of a single-stranded oUgonucleotide of the present 
invention can be decreased about 5 fold if the sequence of the oUgonucleotide 
10 is selected so as to form a blunt end double-stranded structure with one or 

more fluorophores located on one or more bases close to the 3'-end and G-C 
or C-G base pair being the last base pair of the double-stranded structure. In 
some preferred embodiments, the double-stranded structure may be a stem of a 
hairpin structure. In some preferred embodiments, the 3'-end of the 
15 oUgonucleotides of the invention may be provided with one of the foUowing 

sequences: 5'- . . . T(Huo)C-3', 5'- . . . T(Huo)G-3'. 5'- . . . T(Fluo)AG-3'. 5'- . . 
. T(Ruo)AC-3'. 5'- . . . T(Ruo)TC-3' and 5'- . . . T(Fluo)TG-3' where the 
attachment of a fluorophore is indicated by (Huo) and the 3'-sequence is as 
shown while the blocking oUgonucleotide (or 5'^nd of a hairpin 
^20 oUgonucleotide) is provided with the complementary sequence (preferably at 

the 5'-end of the blocking oUgonucleotidemairpin molecule). To achieve a 
quenching effect, the labeled base should be widrin 10 nucleotides from the 
3'^nd, preferably, within 6 nucleotides and most preferably, at position 2-. 3-. 
4-. 5-. or 6- from the 3'-end. A specific example of oUgonucleotides of this 
25 type is provided by Oligo 10 (SEQ ID NO:22) in Table 2. 

In a related embodiment, when using an oUgonucleotide that does not 
have G or C for its 3'-most nucleotide and hence cannot form a G-C base pair 
at the 3'-end. the addition of a 5'-overhanging G residue to the oUgonucleotide 
can reduce the background fluorescence. In this embodiment, the invention 
30 relates to an oUgonucleotide comprising: a cytosine or guanine or analog of 
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the cytosine or guanine at the 3'-tenmiii, and one or more detectable labels on 
at least the second, third, fourth, fifth or sixth base ftom the 3'-tenmni. 

In another embodiment, the method of quenching described above can 
be combined with another mechanism of quenching like fluorescence 
5 resonance energy transfer or static quenching. In some embodiments of the 

present invention, combinations of quenching techniques may be employed to 
reduce the background fluorescence. Fbr example, an oUgonucleotide of the 
present invention may have a detectable moiety located near the 3"-end of the 
oligonucleotide while the sequence of the oligonucleotide may be selected so 
10 as to have a G-C base pair at a blunt end of a hairpin structure and one or more 

additional fluorescent moieties may be attached to nucleotides at or near the 
5'-end of the oHgonucleotide. A similar stnicture could be employed utilizing 
a blocking oligonucleotide instead of a hairpin. 

In another related embodiment, fluorescence intensity may decrease or 
15 increase upon duplex fonnation depending on the sequence of the 

oligonucleotide(s) or template and the position of the fluorophore or other 
detectable property of the oUgonucleotide(s) or template. 
OUgodeoxynucleotides containing fluorescein at the S'-tenninus showed that 
in systems with a C or a G at the 5'-end, the fluorescence of the duplex is 
20 quenched by approximately 40%, while no quenching is observed when the 

oUgodeoxynucleotide ends in an A or a T. The quenching properties of 
guanosine have been attributed to its electron donating ability, which pennits 
the charge transfer between the nucleobase and a neari)y dye (Seidel, C. A. M. 
et aL, J. Phys. Chem. 200:5541-5553 (1996); Steenken, S. and Jovanovic, V., 
25 /. Am. Chem. Soc. 119:611-61% (1997)). However, fluorescence was also 

quenched when the fluorescent oUgonucleotide containing G at its 5'-cnd was 
hybridized to its C containing complement (see Fig. 34). The teoninal G/C and 
C/G base pair may be responsible for the fluorescence quenching. 

In yet anotfier related embodiment, modified oligonucleotides of the 
30 invention (e.g. single or multiple labels on oligonucleotide(s), label(s) located 

internally or at the 3'- or 5'-most tenninal nucleotide, oUgonucleotides having 
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a G or C as its 3*- or 5*-most teiminal nucleotide etc.) may be used in 
detection or ampUfication of target templates that have been modified with a 
single or multiple label(s) or contain a G or C complement to the 
oUgonucleotide. Huorescence intensity may decrease or increase upon duplex 

S foimation. 

In a further related embodiment, teiminal Q/C and C/G base pair may 
also quench the fluoiophore or other detectable property when located 
internally close to the 3*-end of oUgonucleotide. More than 10 fold 
fluorescence quenching in duplex was demonstrated when the fluorescein was 
10 located on the C-5 position of thymidine two or three nucleotides away from 

the 3'-end. This effect was absolutely dependent on the presence of C or G 
residues on the very 3'-end of the labeled strand. As m the case of 5'-labeled 
oligonucleotides, the QIC base pair not G alone, is an effective quencher. GIT 
mismatches at the terminus or 5'-G overhangs result in less pronounced 
15 quenching than the blunt-end G/C base pair. Only a temunal QIC pair affects 

the fluorescence of duplex; when flanked with an AA" pair, no quenching 
occurs. The data is consistent with the proposed foimation of the charge 
transfer complexes between some fluorophores and nucleic bases (Seidel. C. 
A. M. et al, J. Phys. Chem. 200:5541-5553 (1996); Lewis, F. D. et al., Acc. 
^20 Oienu Res. 34:159-170 (2001); Steenken. S. and Jovanovic. V., /. Am. Chem. 

• Soc. ii9:617-618 (1997)). Guanosme which has the highest electron donating 
abiUty of all the bases plays a critical role in this process. However, the abiUty 
of guanosine to quench the fluorescence dramatically depends on whether it is 
involved in hydiogpn bond and where it is located -at the end of the chain or 
25 internally (see Examples 27-30). 

In another aspect of the present invention. oUgonucleotides labeled 
with a single reporter or detectable label but no specific quencher may be used 
to efficiently detect nucleic acids by PGR or other related mediods in real- 
time, or at end-point, without opening the reaction vesseL The labeled PGR 
30 primers may be chemicaUy synthesized oUgodeoxynucleotides (Lee, S.P. et 

al.. Anal. Biochem. 220:377-383 (1994); Knemeyor. JJ». et al., AnaL Chem. 
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72: 3717-3724 (2000); Crockett, A.O. et oL, AnaL Biochem. 290:89-97 
(2001); Kurata, S. et al.. Nucleic Acids Res. 29: E34 (2001); Lakowicz. J^. 
Principles of fluorescence spectroscopy, Kluver Academic/Plenum Publishers, 
New York. 2nd ed., pp.185-210 (1999); Cianferoni. A. et al.. Blood 97: 1742- 
1749 (2001); Fanar. G. J. et al. Nucleic Acids Res. J9:6982 (1991)) with a 
fluorophore attached to the C-5 position of thymidine that increase their 
fluorescence when incorporated into a double-stranded PGR product IWs 
results from having the fluorophore close to the 3'-end of an oUgonucleotide 
terminated with G or C, the existence of a G within a few bases around the 
label, and the ability of the oUgonucleotide to form a blunt-end hairpin at 
temperatures close to the annealing temperature of the primer. The 
mechanism for this change of the fluorescence intensity may be due to charge 
separation between the nucleobases. specifically guanosines. and the 
fluorophore (Seidel. C. A. M. et oL. J. Phys. Chem. 100: 5541-5553 (1996); 
Walter. N. G. and Burke. J. M. RNA 3:392^ (1997); Sauer. M.etaL. Chem. 
Physical Letters 284:153-163 (1998); Lewis, F. D. et al.. Acc. Chem. Res. 
54:159-170 (2001)). which decreases the fluorescence of unincorporated 
hairpin primers. Thus, the invention further relates to an oUgonucleotide 
comprising: an adenine or thymidine at the 3'-temiini. an overiianging guanine 
at the 5'-termini. and one or more detectable labels located intemaUy. Hie 
increase of fluorescence upon primer extension may be as high as 10-fold for 
various dye-primer combinations; thus, the design of labeled primers is an 
active area of research supported by proprietary software (Example 31). 

Because of several important features. PGR using labeled primers may 
25 have great value as a tool in DNA detection, including quantitative, real-time 

PGR and SNP detection. The synthesis of mono-labeled oUgonucleotides is 
less expensive and the purification requirement is less rigorous compared to 
dual-labeled probes and primers. Labeled primers may more easUy detect 
targets with high frequency of mutations, such as HIV. or targets with 
30 alternate spUceforms, which are problematic using hybridization probes. Tlie 

incorporation of fluorecence or a label into the PGR product allows the 
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separation of nucleic acids by size using electrophoiesis techniques. Rnally. 
labeled primers allow a "universal format" of detection. -Hie same universal, 
labeled, primer can incorporate into different ampUcons through the use of 
unlabled primer pairs, where one unlabeled primer has an adaptor-tail. The 
universal format was successfuUy used with dual-labeled primers (Nuovo. G. 
J et oL, J. Hi^ochem, & Cytochenu 47:273-279 (1999); Myaldshev. M.V.. 
Genome Res. i 7:163-169 (2001)). In addition to the appUcations mentioned, 
the ability of labeled oligonucleotides to generate a strong signal in response 
to the changes in their primary and secondary structure may be useful to study 
enzymatic reactions as weU as other interactions between proteins and nucleic 

' The present invention provides a method of quenching fluorescence 
from a fluorescent moiety, comprising attaching the fluorescent moiety to an 
oligonucleotide, wherein the oUgonucleotide is capable of assuming a 
conformation in which the oUgonucleotide quenches the fluoresc«ice of the 
fluorescent moiety. In some embodiments, the conformation is a hairpin. 

Other means for quenching or reducing nonreacted labeled 
oUgonucleotides may be used or any combination of such treatments may be 
used m accordance with the mvention. When a fluorophore is used as a 
. 20 quencher in addition to being used as the delectable label, the mechanism of 

^ quenching will be collisional. When a separate quencher (fluorescent or non- 

fluorescent) is used, the mechanism will be collisional or FRET (fluorescent 
resonance energy transfer), respectively. 

Hie present invention provides a composition comprising one or more 
25 oUgonucleotides of the invention and one or more target or template nucleic 

acid molecules, wherein at least a portion of the oUgonucleotide is capable of 
hybridizing to at least a portion of the target or template nucleic acid molecule 
(preferably the oUgonucleotide comprises one or more detectable moieties that 
undergo a change in one or more observable properties upon hybridization to 
30 me target nucleic acid molecule). In some embodiments, the detectable 

moiety is a fluorescent moiety and the fluorescent moiety undergoes a change 
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in fluorescence upon hybridizing to the target nucleic acid molecule. In some 
embodiments, the oUgonucleotide is a hairpin when not hybridized to the 

target nucleic acid molecule. 

In some preferred embodiments, the present invention provides a 
composition comprising at least one nucleic acid molecule and at least one 
oUgonucleotide of the invention, wherein at least a portion of said 
oligonucleotide is capable of hybridizing with at least a portion of said nucleic 
acid molecule and wherein said oUgonucleotide comprises one or more 
specificity enhancing groups. In some embodiments, one or more of the 
specificity enhancing groups may be a fluorescent moiety. A specificity 
enhancing group may be attached at any position of the oUgonucleotide that 
results in the oUgonucleotide being substantially less extendable when the 3'- 
most nucleotide of the oUgonucleotide is not complementary to the 
coiresponding nucleotide of a target/template nucleic add. In some 
embodiments, at least one of the one or more groups is attached to a 
nucleotide at or near the 3'-nucleotide. In some embodiments, at least one of 
the one or more groups is attached to one of the ten 3'-most nucleotides. In 
other words, in embodiments of this type, at least one of the one or more 
specificity enhancing groups may be attached to the 3'-most nucleotide or any 
of the next nine contiguous nucleotides in the 5'-diiection. In some 
embodiments, at least one of the one or more groups is attached to one of the 
five 3-most nucleotides. In some embodiments, die group may be a label, 
preferably a label which undergoes a detectable change in an observable 
property upon becoming part of a double-stranded molecule (e.g. by 
hybridizing to another nucleic acid molecule or by nucleic acid synthesis or 
ampUfication). In some embodiments, at least a portion of said 
oUgonucleotide is hybridized to at least a portion of said nucleic add 
molecule. In some embodiments, the oUgonucleotide is capable of forming a 
hairpin. In some embodiments, the oUgonucleotide is in the form of a hairpin. 

In another embodiment, the present invention provides a method of 
ampUfication comprising oUgonucleotide(s) capable of forming a hairpin with 
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a single label. No quencher molecule or moiety is needed. The label or 
detectable moiety may be located internally, or at the 3'- or 5*-teraiini. 
Incorporation into the PGR product results in an increase in fluorescent signal 
that may be directly proportional to the amount of product synthesized. 
Oligonucleotides of the present invention may be used, without limitation, in 
the following: sequencing, genotyping, SNP, end-point detection, quantitative 
PGR, quantitative RT-PCR, mutation detection, amplified gene expression and 
in sita hybridization. The oUgonucleotides of the present invention may also 
be used in multiplexing - used with different ampUcons or used with different 
probes. 

The present invention provides a method of making a composition, 
comprising providing one or more oUgonucleotides and contacting the one or 
more oligonucleotides with at least one nucldc acid molecule, wherein at least 
a portion of at least one of the oligonucleotides is capable of hybridizing with 
at least a portion of said at least one nucleic acid molecule. Preferably, the 
oligonucleotide comprises one or more specificity enhancing groups and/or at 
least one detectable label. In some embodiments, the group is a fluorescent 
moiety. A specificity enhancing group may be attached at any position of the 
oUgonucleotide that results in the oUgonucleotide being substantiaDy less 
extendable when the 3'-most nucleotide of the oligonucleotide is not 
complementary to the conesponding nucleotide of a target/template nucleic 
acid. In some embodiments, at least one of the one or more groups is attached 
to a nucleotide at or near the 3'-nucleotide. In some embodiments, at least one 
of the one or more groups is attached to one of the ten 3'-most nucleotides. In 
other words, in embodiments of this type, at least one of the one or more 
specificity enhancing groups may be attached to the 3'-most nucleotide or any 
of the next nine contiguous nucleotides in the 5'-direction. In some 
embodiments, at least one of the one or more groups is attached to one of the 
five 3'-most nucleotides. In some embodiments, die group may be a label, 
preferably a label which undergoes a detectable, change in an observable 
property upon becoming part of a double-stranded molecule, (e.g. by 
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hybridizing to another nucleic acid molecule). In some embodiments, at least 
a portion of said oUgonucleotide is hybridized to at least a portion of said 
nucleic acid molecule. In some embodiments, the oligonucleotide is capable 
of forming a hairpin. In some embodiments, the oUgonucleotide is in the fomi 
of a hairpin. 

The present invention provides a method of determining the presence 
of a particular nucleotide or nucleotides at a specific position or positions in a 
target or template nucleic acid molecule, comprising: (a) contacting at least 
one target or template nucleic acid molecule having a nucleotide or 
nucleotides at a specific position or positions with one or more 
oligonucleotides of the invention, wherein at least a portion of the 
oUgonucleotide is capable of forming base pairs (e.g.. hybridizing) with at 
least a portion of the target or template nucleic acid molecule, said 
oUgonucleotide preferably comprises at least one specificity enhancing group 
and/or label; and (b) incubating the oUgonucleotide and the nucleic acid 
molecule mixture under conditions sufficient to cause extension of the 
oUgonucleotide when the 3'-most nucleotide or nucleotides of the 
oUgonucleotide base pair with the nucleotide or nucleotides at the specific 
position or positions of the nucleic acid target molecule. Under such 
conditions, the production of an extension product indicates the presence of 
the particular nucleotide or nucleotides at the specific position or positions. 
Piesence of or increased production of an extension product, as used herein, 
refers to the difference in die amount of ampUfed DNA made using the 
modified oUgonucleotides wiU be between 1 fold to about 1000 fold largpr 
dian die difference obtained using oUgonucleotides lacking die modification, 
or from about 1 fold to about 500 fold larga. or fiom about 1 fold to about 
250 fold larger, or from about 1 fold to about 100 fold Uirger. or from about 1 
fold to about 50 fold larger, or from about 1 to about 25 fold largo-, or from 
about 1 to about 10 fold larger, or from about 1 fold to about 5 fold or from 
about 1 fold to about 2 fold larger. The amount of product can be determined 
using any mediodology known to diose of skiU in die ait, for example, by 
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niiming the product on an agarose gel and staining with ethidium bromide and 
comparing to known amounts of similarly treated nucleic add standards. 

In another aspect, the invention provides a method for determining the 
absence of at least one particular nucleotide at a specific position or positions 
in a target or template nucleic acid molecule, comprising: (a) contacting at 
least one target nucleic add molecule having a nucleotide or nucleotides at a 
specific position with an oUgonucleotide of the invention, wherein at least a 
portion of the oUgonucleotide is capable of forming base pairs (e.g., 
hybridizing) with at least a portion of the target nucleic add molecule (said 
oligonucleotide preferably comprising at least one spedfidty enhancing group 
or label); and (b) incubating the oUgonucleotide and the nucleic acid molecule 
mixture under conditions suffidrait to prevent or inhibU extension of the 
oUgonucleotide when the 3'-most nucleotide or nucleotides of the 
oUgonucleotide does not base pair (e.g., does not hybridize) with the 
nucleotide at the specific position or positions of the target nucleic acid 
molecule. Under such conditions, the lack of production or reduced 
production of an extension product indicates the absence of the particular 
nucleotide or nucleotides at the specific position. Lack of or reduced 
production of an extension product, as used herdn. lefeis to the difference in 
the amount of ampUfied DNA made using oUgonucleotides lacking 
modifications, or ftom about 1 fold to about 500 fold larger than the difference 
obtained using modified oUgonucleotides, or ftom about 1 fold to about 250 
fold larger, or from about 1 fold to about 100 fold larger, or from about 1 fold 
to about 50 fold larger, or from about 1 to about 25 fold larger, or from about 
1 to about 10 fold larger, or from about 1 fold to about 5 fold larger or from 
about 1 fold to about 2 fold Uirgpr. In a preferred aspect, the results of die 
extension of the oUgonucleotide in the above first method is compared to the 
lack or reduced level of extension of flie oUgonucleotide in tfie above second 
method. In a prefened aspect, the conditions in die first method are conducted 
such that aU or a portion of the target nucleic add molecule is ampUfied, while 
the conditions in the second method are conducted such that die target nucleic 
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acid molecule is not amplified or ampUfied at a reduced level or slower rate 
compared to the amplified target nucleic add molecule produced by the first 
method. In some embodiments, the specificity enhancing group is a 
fluorescent moiety. A specificity enhancing group may be attached at any 
5 position of the oUgonucleotide that results in the oUgonucleodde being less, 

preferably. substantiaUy less extendable when the 3'-most nucleotide of the 
oUgonucleotide is not complementary to the corresponding nucleotide of a 
target/template nucleic acid. In some embodiments, at least one of the one or 
more groups is attached to a nucleotide at or near the 3'-most nucleotide, lii 
10 some embodiments, at least one of the one or more groups is attached to one 

of the ten 3'-most nucleotides. In other words, in embodiments of this type, at 
least one of the one or more specificity enhancing groups may be attached to 
the 3'-most nucleotide or any of the next nine contiguous nucleotides in die 5'- 
direction. In some embodiments, at least one of the one or more groups is 
attached to one of the five 3"-most nucleotides. In some embodiments, the 
. group may be a label, preferably a label which undergoes a detectable changp 
in an observable property upon becoming part of a double-stranded molecule 
(e.g.. by hybridizing to another nucleic acid molecule). In some embodiments, 
at least a portion of said oUgonucleotide is hybridized to at least a portion of 
20 said nucleic acid molecule. M some embodiments, the oUgonucleotide is 

capable of forming a hairpin. In some embodiments, the oUgonucleotide is in 
the form of a hairpin. The conditions of incubation preferably include the 
presence of one or more polymerase enzymes such as Tsp DNA polymerase 
(available from Uivitrogen Corporation (life Technologies Division). 

25 RockviUe. MD). 

The present invention provides a method of synthesizing one or more 
nucleic acid molecules, comprising: (a) contacting at least one target or 
template nucleic acid molecule with at least one oUgonucleotide of the 
invention, wherein at least a portion of said oUgonucleotide is capable of 

30 hybridizing with at least a portion of said target/template nucleic acid 

molecule (said oUgonucleotide preferably comprises at least one specificity 
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enhancing group and/or label); and (b) incubating the target nucleic acid and 
oligonucleotide mixtiJie under conditions sufficient to cause the extension of 
the oUgonucleotide when tiie 3'-most nucleotide or nucleotides of flie 
oligonucleotide are base paired (e.g. hybridized) to said target nucleic acid 

5 molecule. 

In another aspect, tiie invention provides a method for reduced 
syntiiesis of one or more nucleic acid molecules, comprising: (a) contacting at 
least one target or template nucleic acid molecule with at least one 
oUgonucleotide of the invention, wherein at least a portion of said 
10 oUgonucleotide is capable of hybridizing with at least a portion of said 

target/template nucleic acid molecule (said oUgonucleotide preferably 
comprises at least one specificity enhancing group and/or label); and (b) 
incubating the target/template nucleic add molecule and oUgonucleotide 
mixture under conditions sufficient to prevent or inhibit extension of the 
15 oUgonucleotide when the 3'-most nucleotide or nucleotides of the 

oUgonucleotide does not base pair (e.g., does not hybridize) with the 
nucleotide at tiie specific position or positions of tiie target/template nucleic 
acid molecule. In a preferred aspect, tiie results of tfie syntiiesis of tfie above 
first mettiod is compared to tiie lack or reduced level of syntiiesis in the above 
second metiiod. In a preferred aspect, tiie conditions of tiie first metiiod are 
conducted such ttiat all or a portion of tiie target nucleic acid molecule is 
ampUfied, while tiie conditions in tfie second mettiod are conducted such tiiat a 
target nucleic acid molecule is not ampUfied or ampUfied at a reduced level 
and/or a slower rate compared to tiie ampUfied target nucleic acid molecule 
25 produced by ttie first metiiod. In some embodiments, tiie specificity 

enhancing group is a fluorescent moiety. In some embodiments, tiie group is 
attached to a nucleotide at or near tiie 3'-most nucleotide. In some 
embodiments, tfie group is attached to one of tfie ten 3'-most nucleotides. In 
otii« words, in embodiments of tiiis type, tiie group may be attached to tfie 3'- 
30 most nucleotide or any of tfie next nine contiguous nucleotides in tfie 5'- 

direction. In some embodiments, tiie group may be a label, preferably a label 
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which undergoes a detectable change in an observable property upon 
becoming part of a double-stranded molecule (e.g., by hybridizing to another 
nucleic acid molecule). In some embodiments, at least a portion of said 
oUgonucleotide is hybridized to at least a portion of said nucleic acid 
5 molecule. In some embodiments, the oUgonucleotide is capable of forming a 

hairpin. In some embodiments, the oligonucleotide is in the form of a hairpin. 
The incubation conditions preferably include the presence of one or more 
polymerase enzymes such as Tsp DNA polymerase avaUable from Invitrogen 
Corporation (Life Technologies Division), Rockville. MD. 
10 This invention provides a method for single nucleotide polymorphism 

(SNP) detection by using a modified nucleotide, such as a deoxynucleotide or 
ribonucleotide modification or a 2'- or 3'-substituted modification, for 
example, without limitation, a 2'- or 3'-alkyl. alkyloxy. alkylamino. alkylthio. 
aryl. or aryloxy modification, or a T- or 3'-0-alkyl or 2'- or 3'-0-aryl 
15 modification or preferably, a 2'-0.methyl ribonucleotide modification at or 

nearthe3'-terminalnucleotideofprimersinaPCRset-up. Ibis methodology 
can easily be adapted for high through-put screening set-up using existing 
technologies. The nucleotide incorporation efficiency by polymerases into a 
3'-t«minus of a primer strand that is totally complimentary to the template 
20 sequence (though the only requirement is no frayed 3'-termim) is significandy 

higher compared to the incorporation efficiency into a 3'-«nd that foims a 
single nucleotide mis-pair at the 3'-terminal nucleotide position. Quantitative 
comparison between the kinetics of primer extension of fiiBy annealed 
primei/template substrate compared to that with a frayed-end 3'-termini has 
25 been utilized so as to screen for the identification of SNP containing DNA 

samples. However, polymerases extend mismatch primer termini with 
significant efficiencies (Aough the rate of extension of mismatch termini 
varies due to the specific primei/template sequence) rendering this approach 
for SNP identification less reUable. An improvement on this basic technique is 
30 described herein, employing modified oligonucleotide to enhancing tfie 

resolution of the assay hence enabUng tiie reUable detection of single 
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nucleotide variations in target template sequences. Tliis type of primer 
modifications makes SNP identification in gpnomic samples much faster and 
with greater probability of accuracy. 

The present invention also provides a method for SNP (single 
nucleotide polymorphism) detection by using a a modified nucleotide, such as 
a deoxynucleotide or ribonucleotide modification or a 2'- or 3'- substituted 
modification, for example, witiiout limitation, a 2'- or 3*-alkyl. alkyloxy, 
alkylamino, alkylthio. aryl, or aiyloxy modification, or a 2'- or 3'-0-alkyl or 
2'- or 3'- O-aryl modification or preferably, a 2'-0-meti»yl ribonucleotide 
modification at or near the 3'-terminal nucleotide of primers e.g. in a DNA 
Synthesis reaction. For example. 2'-0-methyl ribose terminated primers can 
be extended by DNA polymerases such as Taq, albeit with lower efficiency 
compared to die canonical unmodified primers with deoxynucleotide at the 3'- 
termini. The extension efficiency of a S'-termmi that forms a single base pair 
15 mismatch catalyzed by DNA polymerase is severely compromised, if the 3'- 

terminal nucleotide contains a 2'-0-substituted moiety, specifically, a T-O- 
methyl moiety. The relative rate difference of nucleotide insertion into a 3'- 
end of a primer fliat is correctiy annealed compared to that witii a frayed 
termini can be utiUzed in order to detect single nucleotide variations in DNA 
20 samples. This technology, utilizing 2'-0-substituted or preferably 2'-0- 

methyl terminated primers in a PGR set-up, is a very cost effective and reUable 
approach to detect single nucleotide variations between DNA samples and can 
easily be adapted for high-through put screemng. Examples are given below 
that exempUfy PGR ampUfication of target sequences using primers tfiat 
25 contain die 2*-0-methyl modification at the 3'-terminal nucleotide. Primers 

that correctly base-pair at the 3'-termini and those tiiat form a mis-matched 
end gave significantiy varied amount of amplified yield. Li a preferred 
embodiment, primers that forai mismatch 3*-termini gave substantiaDy 
reduced (e.g. less than 20%, more preferably less than 10%) or no amplified 
30 product 
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The present invention also provides a composition comprising one or 
more nucleic add molecules and at least one oUgonucleotide, wherein at least 
a portion of said oUgonucleotide is capable of hybridizing with at least a 
portion of said nucleic acid molecule and wherein said oligonucleotide 

5 comprises a a modified nucleotide, such as a deoxynucleotide or 

ribonucleotide modification or a 2'- or 3'-substituted modification, for 
example, without limitation, a T- or 3'-alkyl, alkyloxy, alkylamino. alkylthio. 
aryl, or aryloxy modification, or a 2'- or 3'-0-alkyl or 2'- or 3'-0-aryl 
modification or preferably a r-O-methyl ribonucleotide modification at or 

10 near the 3'-terminal nucleotide. Such reaction mixtures or conqwsitions of the 

present invention may further comprise one or more components selected from 
the group consisting of one or more nucleotides, one or more DNA 
polymerases, one or more reverse transcriptases, one or more buffers or 
buffering salts, one or more targpt or template molecules and one or more 

15 products produced by a hybridization or synlhesis/ampUfication reaction of the 

present invention. 

The present invention also provides a method for amplifying a double- 
stranded nucleic acid molecule, comprising: 

(a) providing a first and second primer, wherein said first primer is 
20 complementary to a sequence within or at or near die 3'-tennim of the first 

strand of said nucleic molecule and said second prima is complementary to a 
sequence within or at or near the 3 '-termini of the second strand of said 

nucleic acid molecule; 

(b) hybridizing said first primer to said first strand and said second 
25 primer to said second strand in the presence of one or more of the 

polymerases, under conditions such diat a third nucleic acid molecule 
complementary to all or a portion of said first strand and a fourth nucleic acid 
molecule complementary to all or a portion said second strand are synthesized; 

(c) denaturing said first and thini strand, and said second and 
30 fourth strands; and repeating the above steps one or more times, wherein one 
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or more of the primers comprise a nucleotide modification at or near the 3'- 

terminal nucleotide. 

In another apsect. the invention provides a method of determining the 
presence of at least one nucleotide of interest at a specific position in a target 
5 nucleic acid molecule, comprising: 

(a) contacting at least one target nucleic acid molecule having said 
nucleotide of interest at a specific position on a target nucleic acid molecule 
with at least one oUgonucleotide, wherein at least a portion of die 
oUgonucleotide is capable of forming base pairs or hybridizing with at least a 

10 portion of the target nucleic acid molecule and wherein the oUgpnucleotide 

comprises a nucleotide modification at or near the 3'- terminal nucleotide; and 

(b) incubating the oligonucleotide and the target nucleic acid 
molecule under conditions sufficient to cause extension of the oUgonucleotide 
when the 3'-most nucleotide of tiie oUgonucleotide base pair witii the 

15 nucleotide at the specific position of the target nucldc acid molecule, wherein 

flie presence of or increased production of an extension product indicates the 
presence of die particular nucleotide at die specific position. 

The present invention also provides a metiiod of determining the 
absence of at least one nucleotide at a specific position in a target nucleic acid 

20 molecule, comprising: 

(a) contacting at least one target nucleic acid molecule having said 
nucleotide of interest at a specific position on the target nucleic add molecule 
witii at least one oUgonucleotide, wherein at least one portion of the 
oUgonucleotide is capable of forming base pairs or hybridizing with at least a 

25 portion of tiie target nucleic acid molecule and wherein the oUgonucleotide 

comprises a nucleotide modification at or near die 3'- terminal nucleotide; and 

(b) incubating die oUgonucleotide and target nucleic acid molecule 
under conditions sufficient to inhibit or prevent extension of tiie 
oUgonucleotide when die 3'-most nucleotide of die oUgonucleotide does not 

30 substantially base pair witii tiie nucleotide of die specific position of die target 

nucleic acid molecule, wherein die lack of or reduced production of an 
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extension product indicates the absence of the particular nucleotide at the 
specific position. 

In another aspect, the invention provides a method of determining the 
presence or absence of a nucleotide at a specific position in a target nucleic 

acid molecule, comprising: 

(a) contacting at least first oUgonucleotide with at least one target 
nucleic acid molecule under conditions sufficient to cause extension of the 
first OUgonucleotide when the 3*.most nucleotide of the oUgonucleotide base 
pairs with the nucleotide at the specific position of die target nucleic acid 
molecule, wherein said first oUgonucleotide comprises a nucleotide 
modification at or near die 3'-terminal nucleotide; 

(b) contacting at least a second oUgonucleotide with at least one 
target nucleic acid molecule under conditions sufficient to inhibit or prevent 
extension of the oUgonucleotide when tiie S'-most nucleotide of flie 
oUgonucleotide do not substantiaUy base pair witii the nucleotide at the 
specific position of the target nucleic acid molecule, wherein said second 
oUgonucleotide comprises a nucleotide modification at or near the 3'- terminal 
nucleotide; and 

(c) comparing the level of extension or the amount of extension or 
picsence or absence of extension product accompUshed wiA the first 
oUgonucleotide compared to the second oUgonucleotide. 

The amount of product can be determined using any mediodology 
known to tiiose of skiU in the art, for example, by running the product on an 
agarose gel and staining witii etiiidium bromide and comparing to known 
25 amounts of similarity treated nucleic add standards. 

The present invention provides a method for syntiiesizing or 
ampUfying one or more nucleic acid molecules comprising: 

(a) mixing one or more nucleic acid templates or targets witii one 
or more oUgonucleotides. wherein said one or more of said oUgonucleotides 
comprise a nucleotide modification at or near the 3'-terminal nucleotide; and 
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(b) incubating said mixture under conditions sufficient to 
synthesize or amplify one or more nucleic acid molecules complementary to 
all or a portion of said templates or targets. 

In another aspect, the invention provides a method for synfliesizing or 
5 amplifying one or more nucleic acid molecules, wherein the specificity of the 

nucleic acid synthesis or amplification is increased, comprising: 

(a) mixing one or more nucleic add templates or targets with one 
or more oUgonucleotides. wherein said one or more of said oUgonucleotides 
comprises a nucleotide modification at or near the S'-terminal nucleotide; and 
10 (b) incubating said mixture under conditions sufficient to 

synthesize or amplify one or more nucleic acid molecules complementary to 
aU or a portion of said templates or targets, wherein the synthesis or 
amplification has increased specificity when compared to amplification or 
synthesis conducted with an oUgonucleotide not modified'with a nucleotide 
15 modification at or near tiie 3'-terminal nucleotide. 

In another aspect, this present invention provides a method of 
protecting oUgonucleotides from degradation witii modified oUgonucleotides 
of the present invention. The metiiods of the present invention are adaptable to 
many methods for ampUfication of nucleic acid sequences, including, without 
20 Umitation. PGR (e.g. '«RT-PCR." "S'-RACBT "anchor PGR" and "one-sided 

PGR"). LCR, SDA and NASBA, and other ampUfication systems known to 
those of ordinary skill in tiie art A modified nucleotide or spedficaUy a T-O- 
methyl ribonucleotide at or near die 3'-terminal nucleotide protects die 
oUgonucleotide from degradation. See Example 26. In yet another aspect, 
25 lids present invention provides a metiiod of inhibiting degradation in 

oUgonucleotides comprising protecting oUgonucleotides witii modified 
oUgonucleotides of the present invention. 

In yet anotfier aspect, this present invention provides oUgonucleotides 
dial are oUgonucleotides of the present invention or are oUgonucleotides 
30 comprising one or more of nucleotide analogues of die present invention. 
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The present invention provides a composition comprising one or more 
nucleic acid molecules and at least one oUgonucleotide. wherein at least a 
portion of said oUgonucleotide is capable of hybridizing with at least a portion 
of said nucleic acid molecule and wherdn said oUgonucleotide is an 
5 oUgonucleotide of the present invention or is an oUgonucleotide which 

comprises one or more nucleotide analogues of the present invention. 

In another aspect, the invention provides a method of making a 
composition, comprising the steps of: 

(a) providing at least one oUgonucleotide; and 
10 (b) contacting said oUgonucleotide with at least one nucldc acid 

molecule, wherein at least a portion of said oUgonucleotide is capable of 
hybridizing with at least a portion of said nucleic acid molecule and wherein 
said oUgonucleotide is an oUgonucleotide of tiie present invention or is an 
oUgonucleotide which comprises one or more nucleotide analogues of tiie 

15 present invention. 

The present invention provides a composition for quantifying or 
detecting one or more target nucleic acid molecules in a sample comprising 
one or more oUgonucleotides and one or more target nucleic acid molecules to 
be detected or quantified, wherein said oUgonucleotides are oUgonucleotides 

20 of the present invention or are oUgonucleotides that contain one or more 

nucleotide analogues of tiie present invoition. 

In anottier aspect, the invention provides a mettiod for the 
quantification or detection of one or more target nucleic acid molecules in a 
sample comprising hybridizing one or more oUgonucleotides witii one or more 

25 molecules to be detected or quantified, and detecting tiie presence or absence 

and/or quantifying flie amount of said target nucleic acid molecules, wherein 
said oUgonucleotides are oUgonucleotides of tiie present invention or are 
oUgonucleotides tiiat contain one or more nucleotide analogues of tiie present 
invention. 
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The present invention provides a method for the quantitation or 
detection of one or more nucleic acid molecules in a sample during nucleic 
add synthesis comprising: 

(a) mixing one or more nucleic acid templates with one or more 
oligonucleotides, wherein said oligonucleotides are oligonucleotides of the 
present invention or are oUgonucleotides that contain one or more nucleotide 
analogues of the present invention; 

(b) incubating said mixture under conditions sufficient to 
synthesize one or more nucleic acid molecules complementary to aU or a 
portion of said templates, said synthesized nucleic acid molecule comprising 
said oligonucleotides; and 

(c) detecting the presence or absence or quantifying the amount of 
said synthesized nucleic acid molecules by measuring the amount of nucleic 
acid molecules synthesized in said sample. 

In another aspect, the invention provides a method for quantitation or 
detection of one or more nucleic acid molecules in a sample during nucldc 
add amplification comprising: 

(a) mixing one or more nucleic acid templates with one or more 
oUgpnucleotides, wherein said oUgonucleotides are oUgpnucleotides of the 
present invention or are oligonucleotides that contain one or more nucleotide 
analogues of the present invention; and 

(b) incubating said mixture under conditions suffidcnt to amplify 
one or more nucleic add molecules complementary to aU or a portion of said 
templates, said amplified nucleic add molecule comprising said 
oligonucleotides; and 

(c) detecting the presence or absence or quantifying the amount of 
said nucldc add molecules by measuring the amount of nucldc add 
molecules amplified in said sample. 

The present invention provides a method for amplifying a double 

stranded nucleic acid molecule, comprising: 
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(a) providing a &st and second primer, wherein said firet primer is 
complementary to a sequence within or at or near the 3'-termini of the first 
strand of said nucleic molecule and said second primer is complementary to a 
sequence within or at or near the 3'-termini of the second strand of said 

S nucleic acid molecule; 

(b) hybridizing said first primer to said first strand and said second 
primer to said second strand in the presence of one or more of the 
polymerases, under conditions such that a third nucleic acid molecule 
complementary to all or a portion of said first strand and a fourth nucleic add 

10 . molecule complementary to all or a portion said second strand are synthesized; 

(c) denaturing said first and third strand, and said second and 

fourth strands; and 

(d) repeating the above steps one or more times, wherein one or 
more of the primers comprise one or mote of the nucleotide analogues of the 

15 present invention. 

In another aspect, the invention provides a method of detetmuiing the 
presence of one or more particular nucleotides at a specific position or 

positions in a targpt nucleic acid molecule, comprising: 

(a) contacting at least one target nucleic acid molecule having one 

20 or more nucleotides of interest at a specific position or positions on a target 

nucleic acid molecule with at least one oligpnucleoade, wherein at least a 
portion of tiie oUgonucleotide is capable of fonning base pairs or hybridizing 
with at least a portion of the target nucleic acid molecule and wherein the 
oUgonucleotide is an oligonucleotide of die present invention or is an 

25 oligonucleotide which comprises one or more nucleotide analogues of die 

present invention; and 

(b) uicubating the oligonucleotide and the target nucleic acid 
molecule under conditions sufficient to cause extension of the oligonucleotide 
when die 3'-most nucleotide or nucleotides of the oUgonucleotide base pair 

30 widi die nucleotide or nucleotides at tiie specific position or positions of die 
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taiget nucleic acid molecule, wherein the production of an extension product 
indicates the presence of the particular nucleotide at the specific position. 

The present invention provides a method of determining the absence of 
one or more particular nucleotides at a specific position or positions in a target 
5 nucldc acid molecule, comprising: 

(a) contacting at least one target nucleic acid molecule having one 
or more nucleotides of interest at a specific position or positions on the target 
nucleic acid molecule with at least one oUgonucleotide, wherein at least one 
portion of die oUgonucleotide is capable of forming base pairs or hybridizing 

0 with at least a portion of the target nucleic acid molecule and wheran the 

oUgonucleotide is an oUgonucleotide of the present invention or is an 
oUgonucleotide which comprises one or more nucleotide analogues of the 

present invention; and 

(b) incubating the oUgonucleotide and target nucleic acid molecule 
15 under conditions sufficient to inhibit or prevent extension of the 

oUgonucleotide when the 3'-most nucleotide or nucleotides of th© 
oUgonucleotide does not substantially base pair with the nucleotide or 
nucleotides of the specific position or positions of the target nucleic acid, 
molecule, wherein the lack of or reduced production of an extension product 
20 indicates die absence of die particular nucleotide at die specific position. 

In another aspect, die invention provides a mediod of determining die 
presence or absence of one or more particular nucleotides at a specific position 
or positions in a target nucleic acid molecule, comprising: 

(a) contacting at least first oUgonucleotide wifli at least one target 
25 nucleic acid molecule under conditions sufficient to cause extension of die 

first oUgonucleotide when die 3'-most nucleotide or nucleotides of die 
oUgonucleotide base pairs widi die nucleotide or nucleotides at die specific 
position or positions of die target nucldc acid molecule; 

(b) contacting at least a second oUgonucleotide widi at least one 
30 target nucleic acid molecule under conditions sufficient to inhibit or prevent 

extension of die oUgonucleotide when die 3'-most nucleotide or nucleotides of 
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the oligonucleotide do not substantiaUy base pair with the nucleotide or 
nucleotides at the specific position or positions of the target nucleic acid 
molecule; and 

(c) comparing the level of extension or the amount of extension 
product accomplished with the first oligonucleotide compared to the second 
oUgonucleotide. wherein said first and/or second oligonucleotide is an 
oUgonucleotide of the present invention or is an oUgonucleotide which 
comprises one or more nucleotide analogues of the present invention. 

The present invention provides a method of determining the presence 
or absence of at least one particular nucleotide of interest at a specific position 
in a target nucleic acid molecule, comprising: 

(a) providing at least one target nucleic acid molecule having said 
nucleotide of interest at a specific position; 

(b) contacting said target nucleic acid molecule with at least one 
oUgonucleotide, wherein at least a portion of the oUgonucleotide is capable of 
forming base pairs or hybridizing with at least a portion of the nucldc add 
molecule and wherein the oUgonucleotide is an oUgonucleotide of the present 
invention or is an oUgonucleotide which comprises at least one nucleotide 
analogues of the present invention; and 

20 (c) contacting the oUgonucleotide and die target nucleic add 

molecule with a polymerase less able to extend die oUgonucleotide when the 
3'-most nucleotide of the oUgonucleotide does not base pair with the targpt 
nucleic acid and more able to extend die oUgonucleotide when die 3'-most 
nucleotide of die oUgonucleotide base pairs witfi die target nucleic add 
25 molecule; and measuring die level of extension of die oUgonucleotide. 

In anodier aspect, the invention provides a mediod for syndiesizing or 
ampUfying one or more nucleic add molecules comprising: 

(a) mixing one or more nucleic add templates or targets widi one 
or more oUgonucleotides. wherein said oUgonucleotides is an oUgonucleotide 
of die present invention or is an oUgonucleotide which comprises one or more 
nucleotide analogues of die present invention; and 
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(b) incubating said mixture under conditions sufficient to 
synthesize or amplify one or more nucleic add molecules complementary to 
all or a portion of said templates or targets. 

In another aspect, the invention provides a method of detecting a single 
5 nucleotide polymorphism comprising the steps of: 

(a) contacting at least a first oUgonucleotide with at least one target 
nucleic acid molecule under conditions sufficient to cause extension of the 
first oUgonucleotide when the 3'-most nucleotide or nucleotides of the 
oUgonucleotide base pairs with the nucleotide or nucleotides at the specific 

10 position or positions of the target nucleic acid molecule; 

(b) contacting at least a second oUgonucleotide with at least one 
target nucleic acid molecule under conditions sufficient to inhibit or prevent 
extension of the oUgonucleotide when the 3'-most nucleotide or nucleotides of 
the oUgonucleotide do not substantiaUy base pair witii tiie nucleotide or 

15 nucleotides at the specific position or positions of the target nucleic add 

molecule; and 

(c) comparing the level of extension or die amount of extension 
product or the presaice of absence of extension product accompUshed with die 
first oUgonucleotide compared to tiie second oUgonucleotide. wherein said 

20 first and/or second oUgonucleotide is an oUgonucleotide of Jhe present 

invention or is an oUgonucleotide which comprises one or more nucleotide 
analogues of the present invention. 
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Kits 



The present invention also relates to kits for the detection or 
measurement of nucldc add molecules or for polymerase activity in a sample. 
Such kits may also be designed to detect/quantitate nucldc add molecules of 
interest during or after nucleic add synthesis or ampUfication reactions. Such 
kits may be diagnostic kits wherein the presence of die nucleic add is 
correlated with ttie presence or absence of a disease or disorder. The invention 
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also relates to kits for carrying out extension, synthesis and/or amplification 
leactions of the invention and to kits for making the compositions of the 
invention. 

In specific embodiments, the kits comprise one or more 
oligonucleotides of the invention (includmg primers and/or probes). The kit 
can further comprise additional components for carrying out the 
detection/quantification assays or other methods of the invention. Such kits 
may comprise one or more additional components selected from the group 
consisting of one or more polymerases (e.g., DNA polymerases and reverse 
) transcriptases), one or more nucleotides, one or more buffering salts (including 

nucleic acid synthesis or amplification buffers), one or more control nucleic 
acid target molecules (to act as positive controls to test assays or assist in 
quantification of the amount of nucleic acid molecules in unknown samples), 
one or more quenchers (single-stranded binding protems. blocking 
5 oUgonucleotides. etc.). instructions for carry one out the mefliods of tiie 

invention and tiie like. Control nucleic acid molecules are preferably provided 
in tiie kits of tiie invention at known concentrations to estabUsh control 
samples of known amounts of target molecules to assist one in establishing die 
amount of nucleic add molecule of interest in an unknown sample. Thus, tiie 
« measurement of activity of die labeled oUgonucleotide for a known sample 

may be compared to such measurement for an unknown sample to quantify the 
amount of tiie target nucleic acid molecule in die unknown sample. The kits 
of die invention preferably comprise a container (a box. a carton, or other 
packaging) having in close confinement tiierein one and preferably more 
25 containers (ttibes, vials and tiie like) which comprise various reagents for 

carrying out tiie metiiods of tiie invention. The reagents may be in separate 
containers or may be combined in different combinations in a single container. 
Such kits of tiie invention may fiirtiio: comprise instructions or protocols for 
carrying out die metiiods of tiie invention and optionally, may comprise an 
30 apparatus or otiier equipment for detecting tiie detectable labels associated 

with die oligonucleotides of the invention. 
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1, anofter e»bod»B». Idts of invention „„y be »»<1 u. o«r, o». 
....ai^on. .ynthesis, »pUfi.tio„ or o«,.r ex^nsion ».^o.^ 

^c^tides. such a. a deoxynucleotide or 
vacations or r- or 3'.s«bstin.«d modifications, for exan>ple. «*.«. 
5 umiuuion. r- or S'-aUcyl. aa:yiox,. aU^lan^o. aUcyiU^o^^l. or arjox, 

^fications. or r- or 3--Oalk„ or 2-. or 3-^1 n.od.fica.ons. 2 45- 

^ of *e invention may comprise one or more conUn.e« (such » 
^ n^es. and 4e m») configured «, con^in ti» teage^ u^"" 
10 meti«dso{ti»inventioo.ndoptionauymayconmini.stiuction»orp.ou»^ 
f» using such reagenu. The ld.s of ti« invention may comprise o« or 

component select, fiom *e g-P ""^^ 
„Uglucl«^des o, ti» invention (including, but -»« >-'^^ 
inuceotides. probes and/or primers and nucleotide ^ 
,5 .uLucleotid..probesand/orp,imcrs).o„eorm»eDNApol,me«s..»^ 
.ati.ermosti*lepolyn.erase.o„eorm„rerevcrsetiansaipti^.ora.,^ 
DNA or RNA polymerase, one or more buffers or buffering salu. one or m»e 
nucleotides, one or more ..rge.»mp.a.e molecules (v,Mcb may used f« 

^on perform^^e. i... contio. reactions) and oti«r 
for ,„alysisorftir«.ermanipu,ationofti»prod«c.orin«medi«cspr«^ 

^ h, U« meftods of ti.e invention. Such additional component may mclude 

Ip^usedfor Cloning and/or sequencing a»Icompon«.« or ew«^ 

^ fcr ti.e dettcti™. or quamiflcafio. of U« nucleic acid molecule of 

"'^'rhe present inv«,tton provides a kit for use in synfl.esis of a nucleic 
«id molecule, said «t compri»ng one or more oligon«cl««ides .ha. are 
.agonucleotides of ti.e invention or oU^nucleotides comprising one or more 
offlie nucleotide analogues of die present invention. 

to «,o*er aspect. U.e invention provides a kit for use in ««pbficati«. 
30 rf. nucleic acid molecule, said kit comprising one or more oUgonucleotide. 



wo 02/057479 



PCT/USOl/50460 



-109- 



that aie oUgonucleotides of the invention or oligonucleotides comprising one 
or more of the nucleotide analogues of the present invention. 

The present invention provides a kit for the detection or measurement 
of nucleic acid synthesis or amplification products comprising one or more 
oligonucleotides that are oUgonucleotides of the invention or oligonucleotides 
comprising one or more nucleotide analogues of the present invention. 

It will be readily apparent to one of ordinary skill in the relevant arts 
that other suitable modifications and adaptations to the methods and 
appUcations described herein are obvious and may be made without departing 
from the scope of the invention or any embodiment thereof. Having now 
described the present invention in detail, the same will be more clearly 
understood by reference to the following examples, which are included 
herewith for purposes of illustration only and are not intended to be limiting of 
the invention. 

EXAMPLE 1 
Preparation of oligonucleotides 

OUgonucleotides may be prepared using any known methodology. In 
some preferred embodiments, oUgonucleotides may be synthesized on soUd 
supports using commerciaUy available technology. OUgodeoxynucleotides 
were synthesized usmg DNA synthesizer-8700 (MilUgpn/Bioseaich). 
Huorescent moieties may be incorporated into the oUgonucleotides of the 
present invention using any conventional technology and at any number of 
locations (e.g. at any nucleotide) witiiin the oligonucleotide. Fbr example, 
fluorescent labels may be incorporated into nucleoside phosporamidites and 
directiy incorporated into the oUgodeoxynucleotides during automated 
chemical synthesis. In some preferred embodiments, the modified nucleotide 
may be a fluorescein-dT phosphoramidite (Glen Research, cat # 10-1056) 
which may be inserted into designated position during chemical syndesis of 
oUgonucleotide. 5'-fluorescein phosphoramidite (FAM) (Glen Research, cat 
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# 10-5901) and 3'-TAMRA-CPG 500 (Glen Research, cat # 20-5910) were 
used to add the indicated labels to the 5'- and 3'-ends, respectively, of the 
oligodeoxynucleotide during chemical synthesis. Alternatively, a nucleotide 
containing a reactive functional moiety may be incorporated into the 
5 oUgonucleotide during synthesis. After the completion of the synthesis and 

removal of the oUgonucleotide from the soUd support, the reactive functional 
moiety may by used to couple a fluorescent moiety containing molecule to die 
oUgonucleotide. In some preferred embodiments, the reactive functional 
moiety may be an amino-modified C6^ (Glen Research, cat # 10-1039) 
10 which may be inserted into a designated position during chemical synthesis of 

the oUgonucleotide and used for further modification. The furth« 
modification may include die incorporation of a fluoresently labeled molecule. 
In some preferred embodiments, die fluorescendy labeled molecule may be a 
6<arboxyfluorescein succinimidyl ester (6-FAM, SE, cat # C6164, Molecular 
15 Probes), fluorescein-5-isothiocyanate (FTTC) (Molecular Probes, cat. # F- 

1907), 5-(6-)-carboxyteti:amethylrhodamine (TAMRA) succinimidyl ester 
(Molecular Probes), or BODIPY 530/550 succinimidyl ester (Molecular 
Probes). 

All labeled oUgonucleotides may be purified using reverse-phase 
20 HPLC, for example, on a C-18 column using a gradient of acetonitrile in 0.2 

M tdethyl ammonium acetate. 

OUgonucleotides of the invention may be synthesized by standard 
methods known in the art, e.g., by use of an automated DNA synthesizer (such 
as are commercially available from Bioseaich, AppUed Biosystems, etc.). As 
25 examples, phosphordtiiioate oUgonucleotides may be sytitiiesized by the 

metfiod of Stein et al., Nucl Acids Res. 16:3209 (1988), and 
mediylphosphonate oUgonucleotides can be prq)ared by use of controUed pore 
glass polymer supports (Sarin et aL, Proc NatL Acad. ScL USA «5:7448-7451 
(1988)). OUgonucleotides may also be prepared by standard phosphoramidite 
30 chemistry, or by cleavage of a larger nucleic acid fragment using non-specific 

nucleic acid cleaving chemicals or enzymes or site-specific restriction 
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endonucleases. Labeled oUgonucleotides of the invention may also be 
obtained commercially from Invitcogen Corporation (Ufe Technologies 
Division) or other oUgonucleotide manufacturers. 

A preferable method for synthesizing oUgonucleotides is to use an 
automated DNA synthesizer using methods known in the art. Once the desired 
oligonucleotide is synthesized, it is cleaved from the soUd support on which it 
was synthesized and treated, by methods taown in the art. to remove any 
protecting groups present The oUgonucleotide may then be purified by any 
method known in the art. including extraction and gel purification. Tbc 
concentration and purity of the oUgonucleotide may be determined by 
examimng die oUgonucleotide tiiat has been separated on an acrylamide gel or 
by measuring flie optical density at 260 nm in a spectrophotometer. 

OUgonucleotides of tiie invention may be labeled during chemical 
syntiiesis or the label miay be attached after synttiesis by mediods known in ti»e 
art. In a specific embodiment, tiie label moiety is a fluorophore. Suitable 
moieties tiiat can be selected as fluorophores or quenchers are set forth in 
Table 1. 



Table 1 



4- acetamido-4'-isothiocyanatostilbene-2.2'disulfonicacid 

acridine and derivatives: 
acridine 

acridine isothiocyanate 

5- (2'-aminoethyl)aminonaphtiialene-l-sulfonic acid (EDANS) 
4-amino-N-3-vinylsulfonyl)phenyhiaphthaUmide-3.5 

disulfonate (Lucifer YeUow VS) 
N-(4-anilino-l-njq)hthyl)maleimide 

anthranilamide 
BrilUant YeUow 
coumarin and derivatives: 
7-amino-4-methylcoumarin (AMC, Coumarin 120) 
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7-aniino-4-trifluoromethylcouluarin (Coumaran 151) 
cyanosine 

4\6-dianmudino-2-phenylindole (DAPI) 

5\ 5"-dibromopyrogallol-sulfonephthalein (BromopyrogaUol Red) 

7^ethylamino.3-(4"4sothiocyanato^^^ 
diethylenetriamine pentaacetate 
4,4'-diisothiocyanatodihydro-stUbene.2^'-d^^ acid 
4,4'-diisothiocyanatostilbcne-2,2'-disulfomc acid 
5-dimethylanunonaphthalene.l-sulfonyl chloride (DNS. dansyl 

chloride) 

4-(4*-dimethylaminophenylazp)benzoic acid (DABCYL) 
4-dimethylaiiiinophenylazophenyM'-isothiocyM^^^ PABTTC) 

eosin and derivatives: 
eosin 

eosin isothiocyanate 
erythrosin and derivatives: 
erythrosin B 

erythrosin isothiocyanate 
etiiidium 

fluorescein and derivatives: 
5-carboxyfluorescein (PAM) 
5.(4,6-dichlorotriazin-2-yl)aminofluoiescein (DTAF) 
27'-dimethoxy-4'5'-dichloro-6-cari)oxyfluorescein (JOE) 

fluorescein 

fluorescein isothiocyanate 

QFTTC (XRITC) 

fluorescamine 

1R144 

IR1446 

Malachite Green isothiocyanate 

4-methylumbelliferone 

ortho cresolphthalein 

nitrotyrosine 

pararosaniline 

Phenol Red 
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B-phycoerythrin 
o-phthaldialdehyde 
pyrene and derivatives: 
pyrene 

5 pyrene butyrate 

succinimidyl 1-pyiene butyrate 

Reactive Red 4 (Cibacion® Brilliant Red 3B-A) 

rhodamine and derivatives: 

6-carboxy-X-rhodamine (ROX) 
10 6-carboxyihodamine (R6G) 

lissamine rhodamine B sulfonyl chloride 

riiodamine (Rhod) 

rhodamine B 

riiodamine 123 
15 rhodamine X isothiocyanate 

sulf orhodamine B 

sulforhodamine 101 

sulfonyl chloride derivative of sulforhodamine 101 
(Texas Red) . 

20 N,N^',N'-tetramethyl-6-carboxyrhodamine (TAMRA) 

tetramethyl rhodamine 

tetramethyl rhodamine isothiocyanate (TRirC) 

riboflavin 
rosolic acid 
25 teri>ium chelate derivative 

One of ordinary sldU in the art can easUy detennine. using art-known 
techniques of spectrophotometry, which of the above identified fluoiophores 
or combinations tiieieof can be used in accordance with the invention. 
30 Oligonucleotides arc preferably modified during synthesis, such that a 

modified T-base is introduced into a designated position by the use of 
Amino-Modifier C6 dT (Glen Research), and a primary amino group is 
incorporated on the modified T-base. as described by Ju at iProc. Natl 
Acad. ScL. USA 92:4347-4351 (1995)). These modifications may be used for 
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subsequent incorporation of fluorescent dyes into designated positions of the 

labeled oligonucleotides. 

In yet another embodiment, the labeled oligonucleotides may be 
further labeled witfi any other art-known detectable marker, including 
5 radioactive labels such as ^'S, ^ and the like, or with enzymatic markers 

that produce detectable signals when a particular chemical reaction is 
conducted, such as alkaline phosphatase or horseradish peroxidase. Such 
enzymatic markers are preferably heat stable so as to survive the denaturing 
^ steps of the amplification or synthesis process. 

Oligonucleotides may also be indirectly labeled by incorporating a 
nucleotide Unked covalently to a hapten or to a molecule such as biotin, to 
which a labeled avidin molecule may be bound, or digoxygenin, to which a 
labeled anti-digoxygenin antibody may be bound. Oligonucleotides may be 
supplementaUy labeled during chemical synthesis or the supplemental label 
15 may be attached after synthesis by methods known in the art. 

The sequences of the primers used in the following specific examples 
are provided in Table 2. 



O 
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Table2 



OUgo A internally labeled with fluorescein [s'^ct tct cat ggt ggc tgj agft ac 

' rSEQIDNO:!) 



I OUgo B 5' -labeled with fluorescein 
OBgo C complenient to oligos A and B 
OligQ D 3'-labeled with TAMRA 



5'-Cct tct cat ggt ggc tgt aga ac 
fSEQlDN6:2) 
5'- gtt eta cag cca cca tga gaa gg 

i (SEQIDN0:3) 
5'- ggg get gcg act gtg etc egg cA 
(SE01DNO:4^ 



Oligo E cQn^lement to oligo D 
I OUgo F 5*-labeled with fluorescein 



5'- tgc egg age aca gtc gca gcc cc 
(SEQIDN0:5) 
5'-Aat aat agg atg agg cag ga 
(SEQ ID NO:6) 

"oliRO G 5'-labeled with BODIPY 530/550 I 5'.Aataataggatgaggcagga 

' (SEQIDNO:?) 

Oligo H complemMit to Oligos F and G 
I Oligo I forward prima: for IL4 



S'-tcc tgc etc ate eta ttatt 
fSEQlDNO:8) 

5'- gag ttg acc gta aca gac ate tt 
fSEQ ID N0:9) 

I Oligo J forward primer for beta-actm internally I 5'-ggc att gcc ^c agg aTg tag aag 
labeled with fluorescein | (SEQ IDNO:10)_ 



Oli^o K reverse prirn^ for beta-actin 



5'- ggg ccg gac teg tea tac 
(SEQ ID Nail) 

OUgo L forward primer for beta-actin labeled w| 5'- ggt tgT aga gca etc agp aca atg aag a 

Fluorescem through the tail (SEQlDNai2) 

OUgo IIL 4 forward primer S'-gag ttg acc gta aca gac ate tt 

(SE01DN0:9) 



I 01^o2IL4reversepcim«,297 WT 



5* -cct tct cat ggt ggc tgt aga ac 
(SEQ ID NO: 14) 



Oligo 3 IL 4 reverse primer, 297 MUX 
OUgo 4 IL 4 revMse primor, 300 WT 



5' -cct tct cat ggt ggc tgt aga at 

(SEQ ID NO: 15) 
5'- gtg tec ttc tea tgg tgg ctg tag 

(SEQ IP Na 15) 



OUgo 5 IL 4 reverse primer. 300 MUT 



5*- gtg tec ttc tea tgg tgg ctg tat 

(SEQ IP NO: 17) 



OUgo 6 IL 4 reverse primer. 297 WT-FIuo 5*<ct tct cat ggt ggc tgT aga ac 

(SEQ ID NO: 1) 



C 



C 
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T IT yl «-AvArcck nrirrw^r 9Q7 MITT - FluO 
UllgO / JLLi reverse piiuiwiy a7 / iviw x * a«w 


5*-cct tet cat ggt ^ aga at 
(SE0IDN0:19) 


CJligo o 1L» 4 reverse pinner, jw yv x * *mv 


5'-gtg tec ttc tea tgg tgg ctg Tag 
(SEOIDNO:20) 


Oligo " IL 4- reverse pmner, jw iviu i 


5'-gtg tec ttc tea tgg tgg ctg Tat 
(SE0IDNO:21) 


OliSO xU ivLiij reverse pmiid • jc kwm 


5'-cta ccg ggt gtc tgt gtc teg gTa g 
(SEOIDNO:22^ 


Oligo 11 KUo lorwsTO pniijeri \^-<uicic 


5*-cgt ace tgg eta tct gtg tc 
(SEO ID NO:23) 


Oligo 12 RDo Torwaiu pnnier, i-aueie 


5'-cgt acc tgg eta tct gtg tt 
(SEOIDNO:24) 


Oli^o 13 RDS lorwara pmner, i-.-aueiwiiairpui 


5'-eac acc tgg eta tct gtg tc 
(SEOIDNO:25) 


Oligo 14 RDS lorwaru pnmer, i -aueie/iuurpiu 


S'-aac aca cet ggc tat ctg tgt t 
(SEO ID NO:26) 


Oligo 15 D-* 4 reverse pmner/iiairpm 


S'-cta cas tec ttc tea tgg tgg ctg tag 
(SEO ID NO:27) 


Oligo 16 beta-glODin lorwara pmner/iiuear /\ 


5*- ett cet gag age ega act gta gtg a 
(SEO ID NO:28) 


Oligo 17 Deta.-glODin reverse pimicr/iiiicai n, 


5*-acatgtatttgcatggaaaacaactc 
(SEOn>NO:29) 


Oligo lo Deid.~giOuiii losrwoiu pnujcj./ iuui.|/tu 


5'- tea eta ett cet gag a^ cga act gta gte a 
(SE0IDNO:30) 


Oligo 12r Deia*giODiii revcisc piiiijci/iiaii|/i** 


5'- eaettgtacatgtatttgcatggaaaaeaactc 
(SE0IDN0:31) 


VlllgO sn3 Deia.~glOuUl iurwoAU piiUKif iux^#€ii. 


5'- get cag aat gat gtt tec acc ttc 
(SE0n)N0:32) 




5*. aaa tea tac tag etc acc age aat g 
(SEO ID NO:33) 


Oligo 22 beta-globin forward primei/haiipin-B 


5*- gaa ggt get cag aat gat gtt tec acc ttc 
(SEOn>NO:34) 


Oligo 23 beta-gloinn reverse piimrayhaiipin-B 


5*-eat^aaatcatactagctcaccagcaatg 
(SEOIDNO:35) 


Oligo 24 NF 13SS forward primn/linear 


5'-tggcagttgaat|^aagtaat 
(SE0IDNO:36) 


Oli^o 25 NF 1355 reverse piim^yiinear 


5' -acageeactgtgcccaggtc 
(SEQIDNO:37) 
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OlioA 26 NF 1355 forward piimer/baiipin 


5' -attacttggcagttgaatgccaagtaat 
(SEOIDNO:38) 


mioA 27 NF 1355 reverse primei/hairpin 


5' - gac ctg aca gcc act gtg ccc agg tc 
(SEO ID NO:39) 


Oligo 28 NF 1616 forward 

primar/linear 


5' - att tea tgg ggg aaa caa aga tg 
rSEOIDNO:40) 


Oligo 29 NF 1616 reverse primer/linear 


5' - ata cct gcg etc acc aca gg 
(SEO ID N0:41) 


Otigo 30 NF 1616 forward primer/haiipin 


5* - cat ctt tat tto atg ggg gaa aca aag a^ 
(SEOIDNO:42) 


Oligo 31 NF 1616 revMse 

primer/hairpin ' ^ — 


5' - cct gtg ata cct gcg etc acc aca gg 
(SBQIDNO:43) 



•nie nucleotidB to which the fluorescent moiety is attached is indicated 
by a bold capital letter. 



EXAMPLE 2 
PGR targets and conditions 

Hiose skiUed in the art will appreciate that any nucleic acid that can be 
amplified by PGR may be used in (he practice of the present invention. 
Examples of suitable nucleic adds include, but are not limited to, genomic 
DNAs. cDNAs and cloned PGR products. Tbe practice of the present 
invention is not limited to use with DNA molecules. For example. mRNA 
molecules may be used as templates for an amplification reaction by first 
conducting a first strand synthesis reaction using techniques weU-known in the 
art. The present invention has been exemplified using cDNAs for 1L4 and 
beta-actin synthesized using total mRNA from the corresponding cells and 
Superscript™ System for the First Strand cDNA Synthesis (Gibco BRL. cat # 
18089-011) according to the manufacturer's manual. IL4 and beta-actin 
cDNAs were amplified and cloned into pTEPA plasmid according to Gibco 
BRL manual (cat # 10156-016). 
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The selection of suitable VCR conditions is within the purview of one 
of ordinary skill in the art Those skilled in the art wiU appreciate that it may 
be necessary to adjust tiie concentrations of tiie nucleic acid target, piimers 
and temperatures of the various steps in order to optiniize the PGR reaction for 
5 a given target and primer. Such optimization does not entail undue 

experimentation. In tiie specific examples provided herein. PGR was 
performed in 25 Ml of PLATINUM* Taq Reaction Buffer witii 0.5 U of 
PLATINUM® Taq. 0.2 mM dNTPs. 0.2 jtU forward and reverse primers, and 
1.75 mM MgCla using 10*-10« copies of target PLATINUM* Tsp was used 
10 under tiie same conditions. Thermal cycUng was perfonned on 9600 or ABI 

PRISM® 7700 Sequence Detector (Perkin Elmer) witii 4 minutes denatiiration 
at 94«C. followed by 35-U) cycles: 15 seconds at 94X. 30 seconds at 55X 
and 40 seconds at 72-C. m two-step PGR. cycUng conditions weie 15 seconds 
at 94°C and 30 seconds at 65'C. Unless ottierwise indicated, in all examples. 
15 amplification was conducted wifli PLATINUM* Taq (available fit,m 

Invitrogen Corporation (Life Technologies Division)). 

EXAMPLE3 
Detection of nucldc acids 

Nucleic acids may be detected by any conventional technology. In 
some preferred embodiments, tiie nucleic acid to be detected may be a PGR 
product and may be detected eitiier by agarose gel electrophoresis or by 
homogeneous fluorescence detection metiiod. In tiiis mediod. a fluorescent 

25 signal is generated upon tfie incorporation of tiie specificaUy labeled primer 

into tiie PGR product The metfiod does not require tfie presence of any 
specific quenching moiety or detection oUgonucleotide. In some prefeired 
embodiments, die detection oUgonucleotides are capable of forming a hairpin 
structiirc and are labeled witii fluorescein attached at or near to die 3*-«id. 

30 The fluorescent measurements were performed in tiie PGR reaction 

buffer using on ABI PRISM* 7700 Sequence Detector, fluorescent plate 
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reader (lECAN) or KODAK® EDAS Digital Camera. Exdtatioii/emission 
wavelengths were 490nm/520nm for fluorescein and 555nm/580 mn for 
TAMRA. 

EXAMPLE 4 

Huoiescence signal of oUgonucleotide intemaUy labeled with fluorescein 
increases upon its hybridizatipn to the complementary oUgonucleotide 

Two oligonucleotides of the same sequence were labeled with 
fluorescein either internally on T-base (oUgo A (SEQ ID NO:l)), or at the 5'- 
end (oUgo B (SEQ ID N0:2)) as described above. 10 pmoles of each 
oUgonucleotide were hybridized to the complementary oUgo C (SEQ ID 
NO:3) (50 pmoles) in 0.05 ml of the PGR buffer, heated at 70«C for 2 minutes 
and cooled to 25«C. Melting curves between 25 and 95»C were determined on 
ABI PRISM™ 7700 Sequence Detector. 

As shown m Figs. 2A-B. in tiie case of intemaUy labeled OUgo A 
(SEQ ID N0:1). a fluorescence signal increases as a result of presence of the 
non-labeled complementary oUgonucleotide. That means the signal increase 
was caused by die formation of the double-stranded structure. In contiast, 
when the fluorescein was present on the 5'-end of the same sequence (OUgo B 
(SEQ ID NO:2)), fluorescence signal decreased upon hybridization. 

EXAMPLES 

OUgodeoxynucleotide labeled with TAMRA on its 3'-end, increases the 
fluorescence signal upon hybridization 

20 pmoles of OUgo D (SEQ ID N0:4) 3'-labeled with TAMRA as 
described above were annealed to 100 pmoles of complementary non-labeled 
OUgodeoxynucleotide (OUgo E (SEQ ID N0:5)) in 0.5 ml of tfie PGR Buffer. 
Huorescence emission spectrum was detected on a spectrofluorimeter with 
555 nm excitation. 
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As Shown in Kg. 3. a significant increase of the signal was observed 
upon hybridization, indicating that the proposed method can be appUed to 
different fluorophores. The curve labeled buffer shows the fluorescence as a 
function of wavelength of the buffering solution. The curve labeled single- 

5 stranded shows the results obtained with the single-stranded version of oligo D 

(SEQ ID N0:4) alone. When a non-complementary oUgonucleotide was 
added to oligo D (SEQ ID NO:4) a slight decrease in signal was observed (+ 
non-complement). When complementary oUgonucleotide oligo E (SEQ ID 
N0:5) was added, a large increase in fluorescence was observed (+ 

LO complement). 

EXAMPLE 6 

OUgodeoxynucleotide 5*-labeIed with BODIPY 530/550 increases the 
fluorescence signal vpatk hybridization 



15 



In Examples 4 and 5, oUgonucleotides internally labeled with 
fluorescein and 3'-labeled with TAMRA were shown to increase the 
fluorescence intensity upon hybridization to the complementary 
oUgonucleotide. In contrast, oUgonucleotides 5'-labeled with fluorescein 
20 demonstrated fluorescence quenching upon hybridization (see Example 4; 

CarduUo et al., PNAS 85: 8790-8794 (1988); U.S. Patent No. 5.846,729). 

However, there are some dyes that can show an enhancement of the 
fluorescence intensity upon hybridization even (hough they are located at the 
5'.position of an oUgonucleotide. For example, an oUgodeoxynucleotide 
25 labeled at the 5'-end with BODIPY 530/550 shows an increase fluorescence 

intensity upon hybridization. 

The same oUgodeoxynucleotide sequence was 5'-labeled with 
fluorescein (OUgo F (SEQ ID NO:6)) or BODIPY 530/550 (OUgp G (SEQ ID 
N0:7)). 20 pmoles of each labeled oUgonucleotide were annealed to 100 
30 pmoles of complementary non-labeled oUgodeoxynucleotide (OUgo H (SEQ 

ID N0:8)) in 0.5 ml of the PGR Buffer. Ruorescence emission spectrum was 
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detected on a specttofluorimeter with 490 nm excitation in case of fluorescein 
and 538 nm excitation in case of BODIPY. 

As shown in Kg. 4. a significant increase of the signal upon 
hybridization in case of BODIPY dye was observed, in contrast, a decrease in 
5 the signal was observed upon hybridization of a fluorescein containing 

oligonucleotide. 

Hie results shown in Examples 4, 5 and 6 demonstrate that the 
fluorescent properties of a given fluorophore. in particular, the fluorescent 
intensity, can be affected upon hybridization without a significant shift of the Q 
10 emission spectrum as a result of the point of attachment of the fluorphore to a 

given oligonucleotide, i.e., internal, 3* and 5*. 

EXAMPLE? 

Quantitative PGR of 1L4 cDNA using primer internally labeled with 

' fluorescein 



15 
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Huorescein-dT was direcdy incorporated into the sequence of IL-4 
primer during chemical synthesis using the methods described above. The 

resulting oUgonucleotide (OUgo A (SEQ ID NO:l)) was used as a reverse 
primer for HA cDNA amplification. Quantitative PGR using reverse primer 
(Oligo A (SEQ ID N0:1)) and forward primer (Oligo I (SEQ ID NO:9)) was 
performed as described above in the presence of varying amounts of the 
template DNA. 10^ 10^ 10^ 10*. lO'. 10^, 10 and 0 copies of the cloned IL4 
target were used per reaction along with four samples of unknown 
25 concentration of the target As shown in Fig. 5A, aU dilutions of the DNA 

target can be detected with extremely high accuracy. 

TTie results of this experiment demonstrate that although no quencher 
is present in the structure of the labeled oligonucleotide, it can be successfully 
used in quantitative PCR- 
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EXAMPLE 8 

Real-time PGR of E4 cDNA using primer post-syntheticaUy labeled with 

FTTC 

5 Reverse primer for IL4(OUgo A (SEQ ID N0:1)) was synthesized and 

labeled post-synthetically as described above. Amplification was performed 
with 10*. 10*. lO' and 0 copies of nucleic acid target as described in the 
previous 'example. As shown in Fig. 6, all dUutions of the DNA target can be 
detected. 

^^0 The experimental results in preceding examples demonstrate that 

different methods of the labeling of oUgonucleotides can be used for achieving 
the same result Also, since two methods of synthesis provide different 
stmctures of the linker arm between oUgonucleotide and fluorophore. different 
Unker arms can be used to attach a fluorophore m the proposed methods. 



15 



EXAMPLE 9 

Real-time PGR of beta-actin cDNA with a primer mtemally labeled with 

fluorescein 

/- 20 Huorescein-dT was directly incorporated into the sequence of the 

^ forward primer for human beta-actin cDNA (OUgo J (SEQ ID NO:10)) during 

chemical synthesis. This oUgonucleotide and unlabeled reverse primer (OUgo 
K (SEQ ID N0:11)) were used for the ampUfication of beta-actin cDNA. 
cDNA target was obtained by reverse transcription of HeLa cell mRNA and 
25 also a cloned cDNA fragment (10^ 10^ and 0 copies per reaction). 

Quantitative PGR was performed as described above. As shown in Fig. 7. aU 
dilutions of the DNA target can be detected. 

nie results of this experiment demonstrate tiiat different targets can be 

detected using the proposed method. 
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EXAMPLE 10 

Real-time PGR of beta-actin cDNA with a primer internally labeled through a 
*Tag" sequence non-complementary to the target 

5 All the above experiments show that the label can incorporated into the 

sequence of an oUgonucleotide complementary to the target nucleic acid 
However, the same result can be obtained if the label is present on a non- 
complementary tag sequence attached to the 5'-end of a PGR primer. In this 

case, a signal will be generated after this tailed primer is copied and 
10 incorporated into the double-stranded PGR product This approach was 

demonstrated in the beta-actin PGR. 

OUgodeoxynucleotide (OUgo L (SEQ ID NO:12)) was synthesized 

with fluorescein-dr directly incorporated into the structure of a 9-nucleotide 

tail, non-complementary to the target This tail was added to the 5'-end of the 
15 betl-actin forward primer. OUgo L (SEQ ID N0:12) and unlabeled reverse 

primer (OUgo K (SEQ ID N0:1 1)) were used to ampUfy beta-actin cDNA and 

10^ 10*. and 0 copies of cloned target. As shown in Fig. 8. both cloned target 

and cDNA in total cDNA population were detected. 

20 EXAMPLE 11 

Allele specific PGR with modified oUgonucleotide primers 

. The principle of allele specific PGR is presented in Rg. 9. Hie method 
operates on the basis of the specific ampUfication of a target allele by PGR 

25 with primers designed such that their 3'-«nds are plac^ at the mutation site 

(i.e.. the 3'-most nucleotide of the primci conesponds to the mutated 
nucleotide in the target^template nucleic acid). When this base is 
complementary to that of the coiresponding nucleotide of the specific aUele. 
the target is ampUfied; when it is not complementary PGR will proceed with a 

30 significant delay. The longer the delay, the more efficiendy the system can 

discriminate between aUeles. In some preferred embodiments, the present 
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invention provides oUgonucleotides useful for aUele specific PGR which 
oUgonucleotides comprise a specificity enhancing group that improves 
discrimination between alleles. 

AUele specific PGR was performed using regular PGR primers and the 
primers labeled with fluorescein at a base close to the 3'-end. Two positions 
of the IL4 cDNA were chosen for detection. G297 and G300. For each 
position, two PCRs were performed using tiie same forward primer (OUgo 1 
(SEQ ID NO:9)) and different reverse primers: wUd type (WT), 
complementary to the target, or mutant (MUX) with a mismatch at tiie 3'-end. 
) The sequences of the primers used are provided in Table 2. Each of these 

• allele specific primers was synthesized with and without chemical 
modification on a T-base close to the 3*-end. The primers used were 297 WT 
- primer complementary to the C-allele at position 297 (OUgo 2 (SEQ ID 
N0:14)), 297 MOT - same primer with C-T mutation at the 3'-end (OUgo 3 
5 (SEQ ID NO;15)). 300 WT - primer complementary to the C-aUele at position 

300 (OUgo 4 (SEQ ID NO:16)) and 300 MOT - same primer with G-T 
mutation at the 3'-end (OUgo 5 (SEQ ID NO:17)). OUgonucleotides 6. 7. 8, 9 
(SEQ ID N0S:1, 19. 20, 21. respectively) correspond to oUgonucleotides 2, 3, 
4. 5 (SEQ ID N0S:14, 15. 16, 17, respectively) witii fluorescein attached to 

0 the designated T-base. 

Three-step PGR was performed for 40 cycles with PLATINUM® Taq 
as described above. The results are shown in Fig. 10. Reverse primers with 
their 3'-end at positions 297 or 300 were either complementary to the target 
(WT) or had a 3'-mutation (MOT). Lanes 1 through 4 show the results 
25 obtained with primers modified with fluorescein as a specificity enhancing 

group; lanes 5 tiirough 8 show the results obtained witfi unmodified primers. 
Lanes 1 and 5 show tiie results using tfie primer 297 WT; lanes 2 and 6 show 
the results using tiie primer 297 MOT; lanes 3 and 7 show die results using 
primer 300 WT; and lanes 4 and 8 show tfie results using primer 300 MOT. A 
30 comparison of lanes 2 and 6 and a comparison of lanes 4 and 8 show that tiie 

presence of a modification allows discrimination tiiat is aUnost complete after 
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40 cycles. The practice of the present invention is not limited to tiie use of 
fluorescein, similar results were obtained witii TAMRA as a specificity 
enhancing group. 

5 ' EXAMPLE 12 

Allele specific PGR witii hairpin oUgonucleotide primers 

It has been discovered that mutation discrimination can be improved 
through the secondary structure of die allele specific primers. This feature is 
10 exempUfied using primers specific for the RDS gene. Forward primers for the 

RDS gene had their 3'-ends located at position 558, the site of a C/T 
polymorphism. The DNA target contained die C-allele. The reverse primer 
was the same for botii alleles and contained die label tiiat permitted 
homogeneous detection of amplification in real time (OUgo 10 (SEQ ID 
15 NO:22)). Forward allele specific primers were dtiier of the conventional 

linear stmcture (OUgos 11. 12 (SEQ ID NOS:23. 24. respectively)) or had die 
hairpin structure (OUgos 13, 14 (SEQ ID NOS:25. 26. respectively)). Hairpin 
primers consisted of die target-specific sequence and a short tail 
complementary to die 3'-firagment of die primer. Thiee-step PGR was 
20 performed widi PLATINUM® Taq DNA polymerase on PREM® 7700 as 

described above. The results in Fig. 11 show diat die blunt end hairpin 
structure of die primer significantiy improves mutation discrimination. The 
primers of die invention were used to discriminate between die C and die T 
allele of human RDS gene by allele-specific PGR witii PLATINUM® Taq 
25 DNA polymerase using die same fluorescent reverse primer (OUgo 10 (SEQ 

ID NO:22)) and different allele specific forward primers. The primers used 
were designated LrC for die Unear primer specific for C-aUele (OUgo 11 (SEQ 
ID NO:23)), L-T for die Unear primer specific for T-aUele (OUgo 12 (SEQ ID 
NO:24)). H-C for die hairpin primer specific for C-aUele (Oligo 13 (SEQ ID 
30 NO:25)) and H-T for die hairpin primer specific for T-aUele (OUgo 14 (SEQ 

ID NO:26)). A conqiarison of die real time fluorescence of die reactions is 
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plotted as a function of the cycle number. The linear T mismatched primer 
generated a signal that was detectable weU before the hairpin T mismatched 
primer signal. This demonstrates that the discrimination between the aUeles 
was improved by incorporating the S'-termini of the primer into a hairpm. 

Another example of allele specific PGR using hairpin primers is shown 
in Fig. 12. Here, two genomic DNA samples were tested by two-step PGR. 
One of the samples was known to have a 558C-allele of RDS gene, another 
the 558T allele. All forward primers were hairpin primers and fluorescent 
reverse primer was used for the detection. Curve 1 was obtained with the C- 
specific primer with C-target DNA; curve 2 was obtained using the C-specific 
primer with T-target DNA; curve 3 was obtained using C-specific primer with 
no target DNA (negative control); curve 4 was obtained using the T-specific 
primer with T-target DNA; curve 5 was obtained using T-specific primer with 
C-target DNA; and curve 6 was obtained using T-specific primer with no 
target (negative control). 

The results demonstrate that only C-aUele with C-spedfic primers and 
T-aUele with T-specific primers give a positive signal when hairpin primers 
are used. No increase of fiuorescence was detected when the primer had a 3*- 
mismatch. No signal was generated in ttie absence of target As shown in 
Rgs. 13 A-B, the alleles can be detected wifli die same high level of specificity 
not only in real time, but also at the end point Huorescent reverse primer was 
used for the detection. 1, 3, 5 C-spedfic primers, 2, 4. 6 T-specific primers. 1 
and 2 C-allele target DNA, 3 and 4 T-aDele target DNA, and 5 and 6 no DNA 
(negative controls). Fig. 13 A shows a bar graph of the fluorescence obtained 
whUe Rg. 13B shows a photograph of the reaction mixture after tiie 
amplification reactions. End point detection is permitted by high signal/noise 
ratio of the detection system and can be performed using a fluorescent plate 
reader or UV transilluminator and digital camera. 

Anotiier surprising result of die use of tfie primers of die present 
invention is die elimination of primer-dimers from die PGR reaction. As 
shown in Rg. 14, the use of a hairpin oUgonucleotide in die PGR reaction 
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eliminates the formation of primer-dimers. lU cDNA was used as a PGR 
target OUgo 1 (SEQ ID NO:9) was used as a forward primer. oUgo 2 (SEQ 
ID N014) as a Unear reverse primer and Oligo 15 (SEQ ID NO:27) as a 
hairpin reverse primer. PGR was performed with PLAITNUM* To, for 50 
cycles. Lanes 1. 5 contained lO'^ copies of target; lanes 2. 6 contained 10 
copies of target; lanes 3. 7 contained 10^ copies of target; and lanes 4. 8 
contained no target Gomparison of lanes 4 and 8 shows that primer-dimer 
was formed with Unear reverse primer, but not with the hairpin. 

EXAMPLE 13 

Use of Mismatch Discriminating Polymerases in allele specific PGR 

I 

The abiUty t6 discriminate between alleles by allele specific PGR may 
be improved by using DNA polymerases modified to be substantiaUy unable 
to extend an oUgonucleotide when the 3'-m08t nucleotide of the 
oUgonucleotide is not base paired with the target nucleic acid sequence. The 
preparation of such modified DNA polymerases is disclosed in WO 99/10366 
and WO 98/35060. These publications disclose the cloning and mutagenesis 
of thermostable polymerases, in particular, the thermostable DNA polymerase 
isolated ftom Themuaoga spp. In some preferred embodiments of the present 
invention, allele specific PGR is perfomied using a mutant DNA polymerase 
derived ftom the DNA polymerase of Thennotoga neopolitana (Tne). 
Suitable mutations include deletion of one or more amino acids, ftame shift 
mutations, point mutations that result in one or more amino acid substitutions 
at one or more sites in the enzyme, insertion mutations and combinations 
thereof. In a preferred embodiment, the mutations may include a deletion of 
the first 283 amino adds of the wild type enzyme leaving a fragment that 
begins with methionine 284 (A283). a point mutation changing amino acid 323 
ftom aspartic acid to alanine (D323A) and a point mutation changing amino 
acid 722 from arginine to lysine (R722K). In some preferred embodiments. 
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the mutant Tne DNA polymerase will have at least aU three mutations. i.e.. 

will be A283, D323A and R722K. 

PLATINUM* Tsp DNA polymerase is a proprietary enzyme of 
Invitiogen Corporation (life Technologies Division) that can be activated by 
temperature thus providing a hot start for PGR (U.S. Patent Nos. 5,338.671 
and 5,587,287). Here, a new property of this enzyme is described, i.e., 
increased specificity towards the base paired 3'-end 'of the primer. PGR was 
performed for 45 cycles with PLATINUM® Tsp or PLATINUM® Taq DNA 
polymerase using JLA cDNA as a target Two positions of the TLA cDNA 
were chosen for detection, C297 and G300. Fbr each position, two PGR 
reactions were performed using the same forward primer (OUgo 1 (SEQ ID 
NO:9)) and different reverse primers. Primer sequences are described in Table 

2 (Oligos 1-5 (SEQ ID N0S:9. 14-17)). The oligonucleotides are designated 
wild type (WT) when the 3'-nucleotide is complem^tary to the target, or 
mutant (MUT) with a mismatch at the 3'-end. The oUgonucleotides used were 
the 297 WT primer which is complementary to the C-allele at position 297 
(OUgo 2 (SEQ ID N0:14), lane 1), the 297 MUT primer which has the same 
sequence as the 297 WT primer except for a C-T mutation at the 3*-end (OUgo 

3 (SEQ ID N0:15). lane 3). the 300 WT primer which is complementary to the 
C-allele at position 300 (OUgo 4 (SEQ ID N0:16), lane 2) and the 300 MUT 
primer which has the same sequence as the 300 WT primer except for a G-T 
mutation at the 3'-end (OUgo 5 (SEQ ID N0:17), lane 4). As seen in Fig. 15, 
a comparison of the results obtained with PLATINUM* Tsp DNA polymerase 
to those obtained with PLATINUM® Taq DNA polymerase show that 
PLATINUM® Tsp has better discriminatory properties than PLATINUM® 
Taq. 
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EXAMPLE14 
Use of hairpin primeis to enhance specificity of PGR 

m this experiment, a 3.6 kb fragment of the human beta-globin was 
amplified from human genomic DNA using PLATINUM® Pfx thennostable 
polymerase in Pfx buffer (Invitrogen Corporation (life Technologies 
Division)). Two different sets of primers were used. Each set of primers 
consisted of two primer pairs, one pair of linear primers and another pair of 
primers having a hairpin version of the same gene specific prima sequence. 
The hairpin version of each pair of oUgonucleotides was constructed by 
adding bases to the 5'-end of the primer sequence that are complementary to 
the 3'^nd of the oUgonucleotide as discussed above. Typically, the number of 
bases added to the 5'^d is selected such that the oUgonucleotide forms a 
hairpin at temperatures below the amiealing temperature and assumes a linear 
form at or near the amiealing temperature. Those skilled in the art can readily 
determine the number of nucleotides to be added to the 5'^nd of the prima so 
as to control the temperature at which the primer assumes a linear form 

For the amplification of the beta globin gene, two sets of primers were 
used. Set A - oKgos 16 (SEQ ID NO:28) and 17 (SEQ ID NO:29) (linear) or 
18 (SEQ ID NO:30) and 19 (SEQ ID NO:31) (hairpin) and Set B - oUgos 20 
(SEQ ID NO:32) and 21 (SEQ ID NO:33) (linear) or 22 (SEQ ID NO:34) and 
23 (SEQ ID NO:35) (hairpin). PGR was perfomied as foUows: 2 minutes at 
940c followed by 35 cycles of: 15 seconds at 94<»C then 30 seconds at eO^C 
foUowed by 4 minutes at 68«C using varying amounts of template DNA. The 
results are shown in Figs. 16A-B. The lanes labeled M contain molecular 
weight markers. Lanes 1 and 2 show the results obtained using 50 ng of 
template DNA. lanes 3 and 4 show the results obtained using 20 ng of 
template and lanes 5 and 6 show the no DNA controls. It is clear that both 
linear sets of primers generated various mis-priming products and primer- 
dimers. while amplification with the corresponding hairpin primers produced 
the expected size amplification product with very Utde incorrect product 
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Similar results were obtained during the amplification of another 
human gene Necrosis Factor 2 (NF2). 1.3 and 1.6 ld> fragments were 
amplified using PLATINUM* Taq DNA polymerase in PCR SupeiMix 
Onvitrogen Corporation (Ufe Technologies Division)). For the amplification 
5 of the 1.3 kb fragment. oUgos 24 (SEQ ID NO:36) and 25 (SEQ ID NO:37) 

(linear) or 26 (SEQ ID NO:38) and 27 (SEQ ID NO:39) (hairpin) were used as 
primers. Fbr the amplification of the 1.6 kb fragment oligos 28 (SEQ ID 
NO:40) and 29 (SEQ ID N0:41) (linear) or 30 (SEQ ID NO:42) and 31 (SEQ 
ID NO:43) (hairpin) were used as primers. PCR was performed on 50 ng of 
10 hmnan genomic DNA as foUows: 2 minutes at 94-C followed by 35 cycles of: 

30 seconds at 94«C, 30 seconds at 62»C and 4 minutes at eS^C. The results 
are shown in Figs. 17A-B. Lane M contains molecular weight markers. + 
indicates the presence of template DNA and - indicates the no DNA control. 
Lane 1 shows the results using Unear primers for the 1.3 kb fragment in the 
15 presence of template DNA. Lane 2 shows the no DNA control for lane 1. 

Lane 3 shows the results obtained using the hairpin primer for the 1.3 kb 
fragment while lane 4 is the no DNA control for lane 3. I^e 5 shows the 
results obtained using the linear primers for the 1 .6 kb fragment while lane 6 is 
the no DNA control for lane 5. Lane 7 shows the results obtained using the 
Q20 haiipin primers for the 1.6 kb fragment while lane 8 is the no DNA control for 

lane 7. In both instances, the hairpin primers gave more and cleaner 
amplification products of the appropriate size than linear primers of the same 
gene specific sequence. 



i5 



EXAMPLE 15 

The occurrence of primer-dimers can be reduced if the 5 ' end of haiipin 
primas is modified with 2'-0 methyl. 5*-5' phosphodiesterbond 

Human tuberin cDNA was amplified by PCR as in Example 2. except 
30 the concentration of MgCU was 3 mM and 3% glycerol was added SYBR 

Green was used for detection (Molecular probes. 30.000 fold dilution). For 
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each primer set. 8 reactions were performed: two with target added and six as 
no target controls (NTC). The fiequency of primer-dimer formation and the 
cycle number where they occur were used as a measure of primer-dimer 
artifact 

OUgonucleotides 32 and 33 were used as forward and reverse primers: 



1 Oligo 32 tuberin forward primer/Hp 


S' -caacataagatcgccgtcctgtatgttg 
(SEQIDNO:44) 


Oligo 33 Tuberin reverse primet/Hp 


5' -cat caa aag ttg aac tgg ccc ttg atg 
(SEQIDNO:45) 



The results in Figs. 18A-D show that modifications do not have any 
negative effect on target amplification (target +). However primer-dimer 
formation was greatly reduced. Similar results may also be obtained with 
modifications near the 5'end of the primers. In Rgs. 18A-D: 

18A - forward and reverse primers not modified at the 5*-ends; 

18B - nucleotides at the 5'-ends of both primers were substituted with 

2'-0-methyl analogues; 

18C - nucleotides at the 5'-ends of both primers utilize a 5*-5' 



18D - forward primer was modified with r-O-mefliyl and reverse one 
witha5'-5*link. 



EXAMPLE 16 



The occurrence of primer-dimers can be reduced if die 5'-end of 
hairpin primers is modified with C3-amino. C6-amino or biotin. 

Human mberin cDNA was amplified by PGR as in Example 2. 
Ruorescein-labeled forward primers were used for detection. Ftor each primer 
set. 8 reactions were performed: two widi target added and six as no target 
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controls (NTC). Hie frequency of primerwiuner fonnation and the cycle 
number where they occur were used as a measure of pruner-^iimer artifact 

OUgonucleotides 34 and 33 were used as forward and reverse pnm«s: 



Oligp 34 tuberin forward primer/I^>^UO 
Oligo 35 tuberin forward primer/H4 



5' -caa cat aag ate gcc gtc ctg tat gTt g 
(SEQIDNO:46) 
5'-aacatacaaagatcgccg tec tgt atg ttg 

(SEQIDNO:47) 



The results in Figs. 19A-D show that primer^er formation in no. 
targpt controls was greatly reduced. Similar results may be obtained with 
modifications neartheS'end of the primers. InFigs. 19A-D: 

19A - forward and reverse primers not modified at the 5'-ends; 

19B - 5'^nds of both primers were modified with C3-amino modifier 
(Glen Research); 

19C - 5'-ends of both primers were modified with C6-ammo modifier 
(Glen Research); 

19D - 5' ends of both primers w«e modified with biotm (Glen 
Research). 

EXAMPLE 17 

Effect of 3'-extending nucleotide on primer-^imer formation 

As noted above, an alternative method of minimizing primer-dimer 
formation while using haixpm primers is to make oligonucleotides with the 3' - 
end extended by 1 or 2 or more nucleotides that are not complementary to 
each other. For this example, two targets were selected that demonstrated 
si^cant primer-dimer artifacts under certain conditions: human mberm 
cDNA and human RDS gene. PGR was performed as in Example 2, except die 
concentration of MgQz was 3 mM and 3% glycerol was added. S YBR Green 
was used for detection (Molecular probes. 30.000 fold dilution). For each 
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primer set, 8 reactions weie peifonned: two with target added and six as no 
target controk (NTC). The ftequency of primer-dimer formation and the cycle 
number where they occur were used as a measure of primer-dimer artifact 



Oligo 3Z tubenn lorwara prmieiynp 


5' -caa cat aag ate gcc gtc ctg tat 
gttg(SEQIDNO:44) 


Oligo 33 Tubenn reverse pnmeiynp 


5' -cat caa aag ttg aac tgg ccc ttg 
atg(SEQIDNO:45) 


Oligo 35 tubenn forward pruner/m 


5* -aac ata caa aga teg ccg tec tgt 
atgttg(SEQIDNO:47) 


Olieo 36 Tubetin reverse primer/H4 


5* -ate aag aag ttg aac tgg ccc ttg 
atg(SEQIDNO:51) 


Oligo 37 fr RDS forward primerOip 


5 eta aac tga egg tgg aat tta agt 
ttag(SEQIDNO:52) 


Oligo 38 frRDS reverse primer/I^ 


5' -gat tctctt get cca tga tta aag 
aatc(SEQIDNO:53) 


Oligo 39 fir RDS forward primer^4 


5' -aaa ctt act gac ggt gga att taa 
gttta(SEQlDNO:54) 


Ottgo 40 fcRDS reverse primer/EQ 


5' -att ctt ctt get cca tga tta aag 
aatc(SEQIDN0:5S) 



The results in Figs. 20A-D show that primer-dimer artifact is 
significandy reduced when hairpin primers with extended 3'-ends were used. 
InFigs.20A-D: 

20A - ttiberin cDNA was amplified using forward and reverse primers 
as blunt end hairpins (Oligos 32 and 33); 

20B - ttiberin cDNA was amplified using forward and reverse primers 
with extended 3' -ends (Oligos 35 and 36); 

20C - human RDS gene was amplified using forward and reverse 
primers as blunt end hairpins (Oligos 37 and 38); 
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20D - human RDS gene was amplified using forward and reverse with 
one extended 3*-nucleotide (OUgos 39 and 40). 



EXAMPUE18 

Primer-dimer can be made non-fluorescent by putting a fluorophore on one of 
the primers and a quencher on another 

The method described in this example does not prevent primer-dimer 
formation, but makes them invisible. THis approach was demonstrated in 
allele-specific PGR of human gene WIAE-1328. PGR conditions are described 
in Example 2. Reverse primer was the same OUgo 43 labeled with fluorescein. 
Forward primers for A and B alleles were labeled with DABCYL as a 
quencher (OUgos 41 and 42). In Rg. 21. one can see that the fluorescent signal 
in the no-target control is going down along with primer-dimer formation. At 
the same time, the normal increase of the signal in the presence of target is 
observed. 



Oligo 41 WIAF-forward primer 
1328A/dabcyl 


5' - tga ggc cgc cat ale tec Tea 
(SEQIDNO:56) 


Oligo 42 WIAF-forward primer 
1328B/dabcyl 


5' _ gga ggc cgc cat ate tec Tec 
(SEQIDNO:57) 


OUgo 43 WIAF-reverse primer 
1328A/FAM 


S' - gag ata aaa taa aat tea tgg 
tgt ate Tc (SEQ ID NO;58) 



EXAMPLE 19 
Multiplex PGR of IL4 cDNA and beta-actin 

This example demonstrates the multiplex capability of the inventive 
method of detection. Two primers for UA cDNA were used forward (OUgo 
46) and reverse labeled widi fluorescein (OUgo 47). To ampUfy beta actin, 
forward primer was labeled with JOE (OUgo 44) and the reverse primer was 
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unlabeled (Oligo 45). M four primeis weie amplified in the same tube under 
the conditions described in Example 2. The concentration of beta actin target 
was kept constant (10^ copies per reaction) and the concentration of UA target 
varied fiom 2 copies to 3x10^ copies. Fluorescence of two fluorophores was 
detected in real time. Results presented in Figs. 22A-B demonstrate high 
sensitivity and dynamic range of the detection. 



Oligo 44 HumAct forward 1022-Hp/JOE 


5* - gat ctt egg cac cca gca caa tga 
agaTc(SEQIDNO:59) 


Oligo 45 HumAcl reverse 1160-Hp2 


5' - atg ctt caa gtc ata gtc cgc eta 
gaagcat(SEQIDNO:60) 


OUgp 46 IL4 forward 21 1-Hp2 


5» - aag atg teg agt tga ccg taa cag 
acatctt(SEQIDNO:61) 


"Oiigo 47 IL4 reverse 30U-Hpl/FAM 


5'. eta cag tec ttc tea tgg tgg ctg 
Tag(SEQIDNO:62) 



10 



15 



20 



EXAMPLE 20 

Universal detection prima format coupled to allele specific PGR 

Hie fiuorescent modified oUgonucleotides can be used in a format 
which will aUow the primer to detect any gpne-specific nucleotide target 
sequence. More specificaUy. fiuorogenic detection primers of a design 
described in previous examples were used to detect the presence of PGR 
product in a "universal" primer format which requires three primeis. Vat 
methodology requires adding a sequence tail (tail X) to the 5'^d of a gene- 
specific target primer used in the PGR. Tail X is non^mplementary to the 
target The taUed sequence is identical to the 3'-sequence of the fiuorogenic 
detection primer. The second primer is the universal primer which is at least 
partially identical to taU X and labeled with a fluorescent moiety (linear or 
hairpin). The third primer is a regular PGR primer. If the first primer is 
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forward, then the third primer is reverse and opposite. Thus, both forward and 
reverse primers and a Universal primer may be used. The forward and reverse 
primers may have X taUs or one may have an X tail and the other may have a 
Y tail. The universal primer may contain the X tail sequence or two universal 
primers may be used wherein one contains the X tail sequence and one 
contains the Y taU sequence. The ampUcon generated in the early cycles of 
PCR serves as template for the universal detection primer in the later cycles. 
See Fig. 33. 

In this example, the gene specific sequences were designed for allele- 
specific PCR, but the universal detection format can be used for any target by 
adding a 5' tail of appropriate sequence to the gene specific primer. PCR was 
performed in a 50 (j1 volume of reaction buffer (20 mM Tris-HCl (pH 8.4), 50 
mM KQ) containing 1.5 mM MgCh, 0.2 mM each dNTP, 2.5 U 
PLATINUM® Taq DNA polymerase. 0.2 jjM forward universal labeled 
detection primer, 0.02 \M forward allele specific tailed primer, and 0.2 \M 
reverse primer. Thermal cycUng and fluorescent detection were performed on 
an ABI 7700 Sequence Detection System using a 2 minute hold at 25"C, a 2 
minute hold at 94'»C. and 40 cycles of 30 seconds at 94"C, 30 seconds at 55'C 
and 30 seconds at 72'*C. and a 2 minute hold at 25°C. 

Primer sequences used in Fig. 23 were OUgo 48 for the universal 
detection primer. Oligo 49 for the forward allele A-specific primer, and OUgo 
50 for the reverse primer. Universal format detection and alleUc 
discrimination were equivalent using forward aUele B-specific primer (OUgo 
51). Other universal detection sequences (OUgos 52-58) were used in the 
same experiment and gave similar results. These and other universal primer 
sequences w«e labeled with dyes other than FAM (JOE. TAMRA. ALEXA 
450, ALEXA 594. HEX. and TBT). giving similar results. 



OUgo 48 



5'- eta ccg ggt gtc tgt gtc teg gTa g (SEQ ED NO:63) 

5'- ggg tgt ctg tgt etc ggt aga cct ggc tat ctg tgt c (SEQ ID NO"i64) 



Oligo 49 
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OUgoSO 
Oligo 51 
OUgo 52 
Oligo 53 



OUgo 54 



OUgo 55 



OUgo 56 



OUgo 57 



OUgo 58 



5'- ggt agt act tea tgc cgt tct tga g (SEQ ID NO:65) 
5'-gggtgtctgtgt ctcggtagacctggctatctgtgtt(SEQIDNO:66) 

5'- eta ccg ggc ate tga gta teg g Ta g (SEQ ID NO:67) 
"5'- cga ctg ggc ate tga gta tea gTc g (SEQ ID NO:t)») 



5'- gta ccg gag gae tgt gtt teg gTa c (SEQ ID NO:69) 



5'- caa ccg gag gac tgt gtt teg gfTt g (SJlQ ID NO:70) 



5'- caa ccg gag g ac tgt gtt teg gTt g (SEQ ID NO:70) 
5-- gae egg agg act gtg ttt egg T e (SEQ ID NO:72) 
5'- cac egg agg act gtg ttt egg Tg (SEQ ID NO:73) 



EXAMPLE 21 
petennining sequences of labeled oUgonucleotides 

5 To find a sequence for a labeled oUgonucleotide on each strand of the 

target, find the labeled primer by: 
Step 1- Find T. 

Step 2 - 3' ftom T should be: AG, TG, AC, TC, C or G. 
Step 3 - 5' from T should be at least one G out of three nucleotides 
10 such as NGG/GNG/GGN. NNG, NGN, GNN or GGG (sequences located in 

the order of preference). 

Step 4 - Create a primer with the 3'-end found in step 2 with a 

temperature of 64-70<»C. preferably. 66^8 «C. See Rozen. S. and HJ, 

Skaletsky (1996, 1997, 1998) Primer 3 (Code available at http:/www- 
15 genomc.wi.mit.edu/g«iome_software/othei/primer3.html <» 

l,npV„»».u pininmft «n miLedu/rpi-hin/iirimei/primer3 www.cgi )• 

Step 5 - Add a tail to the primer to make a haiipin (example: 

ctaccgGGTGTCTGTGTCTCGGTAG (SEQ ID NO:74)) by adding to the 5'- 

end, nucleotides complementary to the 3'-end, checking delta G, i.e., 
20 measurement of energy which characterizes the stabiUty of the resulting 

hairpin structure. Delta G is calculated using Primer 3. Resulting delta G 
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should be between 2.5 and 5.5. The lower the delta G. the more stable the 
hairpin structure. 

As a result of steps 1-5. labeled primers for both strands can be 
obtained. 

AdditionaUy. one can combine the steps described above with an 
existing program for primer design, e.g., Primer 3 (available to pubUc). 
Labeled primer and unlabeled counterpart should be found on each strand of 
the DN A target Then, 

Step 1- Find T. 

Step 2 - 3' from T should be AG, TG. AC, TC. C or G. 

Step 3 - 5' from T should be at least one G out of three nucleotides 
such as NGG/GNG/GGN, NNG. NGN. GNN or GGG. 

Step 4 - Create a primer with the 3'-end found in step 2 with a 
temperature of 64-70°C. preferably, 66-68 ''C. See Rozen, S. and H.J. 
Skaletsky (1996, 1997, 1998) Primer 3 (Code available at http:/www- 
genome.wi.mit.edu/genome_soflware/otheE/primer3.html or 
h^-A»«/u/ p/>nf.nie.wi.mit.ed »/cpi-bin/primp.r/primer3 www.cgi ). 

Step 5 - Apply functions of Primer 3 to labeled primers to select the 
best ones. Find the counter-part primer for each labeled primer selected Oeft 
for the right-labeled and right for the left-labeled). 

Step 6 - Add a tail to the primer to make a hairpin (example: 
ctaccgGGTGTCIGTGTClCGGTAG (SEQ ID NO:74)) by adding to the 5'- 
end, nucleotides complementary to the 3'-end. checking delta G of Ae 
resulting hairpin. Delta G can be calculated using Primer 3. Resulting delta G 
should be between 2.5 and 5.5. 
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EXAMPLE 22 

2'.0-methyl modification of the nucleotide residue on the 3'-end of a PGR 
primer can improve the specificity of allele-specific PGR 

The principle of allele-specific PGR is presented in Fig- 9 and 
described in Example n. m this experiment, two sets of PGR primers (sets A 
and B) were used to amplify 20 ng of pUG19 linearised plasmid. PGR was 
performed as described in Example 2. Detection was performed using SYBR 
Green as described in Example 15. 

Set A was comprised of regular Uner oligonucleotides. Four different 
oligonucleotides were used as forward primers: with A, T, G and G at the 3*- 
end. Only G-ended oUgonucleotide was completely complementary to the 
target (G/G). the rest had a mismatch at the 3'-end (G/T; G/A; G/G). Reverse 

{nrima: was Oligo 63. 

Set B had the same sequences of oUgonucleotides, but all the forward 
primers had modified 3'.nucleotide-2'.O.methyl. Reverse primer was OUgo 



C 



Oligo 59 pUG19 forward pnmer, 3 -A 


5'-gcc ggt gag cgt ggg tct a 
(SEQIDNO:75) 


OUgo 60 pUG19 forward primer, 3'-T 


5*-gcc ggt gag cgt ggg tct t 
(SEQIDNO:76) 


Oligo 61 pUG19 forward pnmer, 3'-G 


5'-gcc ggt gag cgt ggg tct c 
(SEQIDNO:77) 


Oligo 62 pUG19 forward primer, 3'-G 


5'-gcc ggt gag cgt ggg tct g 
(SEQIDNO:78) 


Oligo 63 pUG19 reverse primer 


5'-ctc tgc tga age cag tta cct tc 
(SEQIDNO:79) 


Oligo 64 pUG19 forward primer, 3'-A/2 -O-Me 


5'-gcc ggt gag cgt ggg tct a 
(SEQIDNO:80) 


OUgo 65 pUG19 forward primer, 3'-T/2'-0-Me 


5'-gcc ggt gag cgt ggg tct t 



c 
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(SEQ ID N0:81) 


Oligo 66 pUC19 forward primer, 3'-C/2'-0-Me 


5'-gpc ggt gag cgt ggg tct c 
(SEQIDNO:82) 


Oligo 67 pUC19 forward primer, 3'-G/2'-0-Me 


5'-gcc ggt gag cgt ggg tct g 
(SEQIDNO:83) 



The results of real-time PGR are shown in Figs. 24A-B. The results 
demonstrate that the presence of a modification increases window 
discrimination (the difference between the number of cycles when the product 
5 with matched and mismatched primers appears). 

Additional amplification experiments of a 2.7 Kb target DNA sequence 
(pUC19) was performed using four different sequences for the forward primer 
denoted below as oUgos 68. 69, 70 and 71. Each forward primer has an 
analogous primer with a dNTP or 2'-0-methyl ribonucleotide at the 3'- 
10 terminal nucleotide. Fig. 25 A represents amplification using forward primers 

with the canonical nucleotide at tiie 3'-termmi (deoxynucleotide); whereas 
Fig. 25B represents ampUfication using forward primers that contain a 2'-0- 
metiiyl ribonucleotide modification at tiie 3'-termini. The reverse primer for 
each of die amplification assays was the same (see Oligo 72). The lanes 
15 mariced C. T(U), G. and A denote die sequence of the 3'-temiinal nucleotide 

of each of the forward primer where Cfomos the correct Watson/Crick base- 
pair witii die target sequence. The target sequence was amplified by Tag DNA 
polymerase and the ampUfication cycle was repeated for 40-times. Each 
amplification reaction was done in dupUcate. Rgs. 26A-B depict the 
20 amplification cycle repeated for 30-times. 



Oligo 68 pUC19 forward primer, 
3'-C 


5'- 

ATGCGCCGGTGAGCGTGGGTCr 
C-3' (SEQIDNO:84) 


Oligo 69 pUC19 forward primer, 
3*-T/U 


5'- 

ATGCGCCGGTGAGCGTGGGTCTr(U)-3' 
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Oligo 70 pUC19 forward primer, 

3'-G 


rSEOIDNO:85^ 

5*- ATGCGCCGGTGAGCGTG(j<jrluiiT-J 
(SEOIDNO:86) 


Oligo 71 pUC19 forward primer, 
3'-A 


5'- ATGCGCCGGTCAGCGTCK3GTCTA-3' 
(SEQIDNO:87) 


Oligo 72 pUC19 reverse primer 


5'- ATGCACCGCCTCCAGAriTATC-3' 
(SEOIDNO:88) . 



The results shown in Figs. 25A-B and 26A-B demonstrate the 
increased specificity in amplified product using 2'-0-methyl modified primers 
in relation to unmodified primers. 



EXAMPLE 23 

* 

2'-0-methyl modification of the nucleotide residue on the 3'-end forming a 
single-pair mismatch at the 3'-termini nucleotide are extended with 

significantiy reduced efficiency by Taq Polymerase 

In this experiment, the relative extension of primers containing 
deoxynucleotide. ribonucleotide and 2'-0-nietiiyl ribonucleotide modifications 
at the 3'-terminal nucleotide by Taq DNA polymerase at eO'^C was analyzed. 
The results are shown in Figs. 27A-C For each type of 3'-teraiinal nucleotide 
modification (including die canonical unmodified primer) a totally 
complimentary (sub-panel a) and a primer sequence tiiat forms a smgle base- 
pair mismatch at the 3'-terminal position (sub-panel b) primer/template 
substrates were used for the assay. The primer sequences used for these 
assays are OUgo 73 and Oligo 74. The template sequence for Oligo 73 is: 
5'-CGAGGCGCIXM:CGTCG<mK:CGCAGCCGGCCGGTrrCnX^ 

CCGGTAGGCrAACGTTA-3' (SEQ ID NO:89). 
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The template sequence for Oligo 74 is: 

5'-CGAGGCC3CroCXX}TCGGTGCCC3CAGa:GGCCGGTIT^^ 

TACC3CCGGTAGGCTAACGT-3' (SEQ ED NO:90). 

In. the case of the ribonucleotide and 2'-0-methyl terminated 
oligonucleotides, uracil was used at the 3'-tetminal nucleotide instead of 
thymine (see OUgo 74). 



O 



Oligo 73 forward primer, 3*-C (32- 
mer) 


5*- 

GCICCGCGACGGCAGCCACGGCGTC 
GGCCGGC (SEQ ID NO:91) 


OUgo 74 forward primer, 3'-TAJ 2'-0- 
Me (32-mer) 


5'- 

GCrcCGCGACGGCAGCCACGGCGTC 
GGCCGGTOJ) (SEQ ID NO:92) 



10 



In each case, a DNA substrate (32/60 mer) was used where the 5'- 
teimini of the primer strand was labeled with ^^P using T4 polynucleotide 
kinase. A polymerization reaction was initiated by the addition of Taq (1 pL 
of Sunit/jjl) which is available commerciaUy (Invitiogpn Coiporatioii, life 
Technologies Division; Rockville, Maryland) to a 9 mL solution of the DNA 
15 substrate in the presence of dNTP and MgOz at W^C, The reaction 

concentration of tiie DNA was about 12 nM. each of the four dNTP was 200 
|iM and tire MgOz was 1.5 mM. P denotes tiie position of the DNA primer 
(32-mer) and PL is the fully extended product (60-mer). The most left lane for 
each sub-panel represents die contool oUgonucleotide substrate. T denotes die 
20 time interval in minute of time elapsed prior to quenchmg of the reaction 

following the addition of Taq Polymerase. 

The result of tiiis assay suggpsts die following: (i) primers that contain 
a ribonucleotide or 2'-0-metiiyl ribonucleotide at the 3'-tBrmini can be 
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extended by Taq polymerase (RgS. 27B and C). However, the efficiency of 
extension of the r-O-methyl ribonucleotide modified 3'-termini was lower 
compared to primers that contain dNTP or rNTP at the 3'.termini (companson 
of data between Figs. 27 A and B); (ii) DNA substrates that form a smglc base- 
pair mismatch at the S'-terminal nucleotide of the primer are extended by Taq 
with reduced efficiency compared to the fully am^ealed DNA substrate for 
each of the 3*-ribose modification (comparison of data between panels a and b 
for Figs. 27A-C); and (iii) primers contaming 2'-0-methyl ribonucleotides that 
form a single base-pair mismatch at the 3'-terminal nucleotide are extended 
with significantiy reduced efficiency by Taq (as shown in Fig. 27C. panel b). 



EXAMPLE24 

DNA Substrates that form a single base-pair mismatch at the 3'-terminal 
nucleotide of a 2'-0-methyl modified primer have negUgible levels of 
5 extension by Taq Polymerase 

Figs. 28A-B show the relative extension efficiency of primers that 
contain a 2'.0-methyl ribose modification at the 3*-terminal nucleotide by Taq 
at ambient temperature Qanes a), 55 Canes b), and 72-C Oanes c). Fig. 
20 28A represent a totally complimentary primer/template substrate, whereas Fig. 

28B represent a primer/template substrate tiiat forms a single base-pair 
mismatch at flie 3'-terminal nucleotide of the primer. 

In each case, the DNA substrate (32/60 mer) was used where tiie 5'- 
terr^us of tiie primer strand was labeled with »P using T4 polynucleotide 
25 kinase. A polymerization reaction was initiated by die addition of Taq (1 mL 

of 5unit/|il) to a 9 ML solution of die DNA substrate in die presence of dNTP 
and Mga^ set at ambient temperature. 55'>C and 72''C. The reaction 
concentiation of tiie DNA was about 12 nM. each of the four dNTP was 200 
MManddieMgChwasl.5mM P denotes tiie position of die DNA primer 
30 (32-mer) and FL is die fully extended product (60-mer). llie most left lane for 
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each panel lepiesents the control oUgonucleotide substrate. T denotes the time 
interval in minute of time that elapsed prior to quenching of the reaction 

following the addition of Taq. 

The results suggest the following: (i) primers that contain a 2'-0- 
methyl ribonucleotide at the 3'-terminus have a much lower efficiency of 
extension by Taq at ambient temperature and (u) DNA substrates tiiat form a 
single base-pair mismatch at the 3'-terminal nucleotide of the primer (Fig. 
28B) have negUgible level of extension by Taq at each of the assay 
temperature following 10 min of reaction time. 

EXAMPLE25 

2'-0-methyl ribonucleotide modified primers that form a single base-pair 
mismatch at tiie 3'-terminal nucleotide was extended with significanfly 
reduced efficiency in relation to the analogous primer/template substrate 

Fig. 29 shows tiie relative extension efficiency of primers vwth 
deoxynucleotide (panel D. ribonucleotide (panel H) and 2'-0-metiiyl 
ribonucleotide (panel ffl) modifications at the 3'-tcrminal nucleotide by die 
Klenow fragment of DNA polymerase of £ coKat3rc. For each type of 3'- 
terminal modification, a totally base-paired (sub-panel a) and a primer 
sequence that forms a single mismatch base-pair (sub-panel b) primei/tBmplate 
substrates were used for the assay. 

In each case, the DNA substrate (32/60 mer) was used where die 5'- 
teiminus of the primer strand was labeled with '^P using T4 polynucleotide 
kinase. A polym«ization reaction was initiated by the addition of Klenow 
fragment to a solution of the DNA substrate in the presence of dNTP and 
MgQi set at STC. The reaction concentration of the DNA was about 12 nM, 
each of the four dNTP was 200 pM and the Mga2 was 1.5 mM. For each 
reaction condition tiie DNA substrate and die Klenow fragment concentration 
were maintained at about 12 nM and 75 nM. respectively. P denotes die 
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position of the DNA primer (32-mer) and FL is the fuUy extended product 
(60-mer). Hie most left lane for each sub-panel represents the control 
oligonucleotide substrate. T denotes the time interval in minute of the time 
that elapsed prior to quenching of the reaction following the addition of the 

5 Klenow fragment 

The results as depicted in Rg. 29 suggest the following: (i) primers 
that contain a ribonucleotide (rNIP) or 2*-0-methyl ribonucleotide at the 3'- 
termini can be readUy extended by the Klenow fragment (panels H and ffl). 
However, the efficiency of extension of the 2'.0.methyl ribonucleotide 
10 modified oligonucleotide was lower compared to the primers that contain 

dNMP or rNMP at the 3'-termini (panel ffl); (u) under our experimental 
condition, DNA substrates that fomi a single base-pair mismatch at the 3'- 
temiinal nucleotide of the primer are extended by Klenow fragment with 
comparable efficiencies to that of the totally complimentary DNA substrate in 
15 the case of the deoxynucleotide or ribonucleotide terminated primers 

(comparisons between sub-panels a and b for Panels I and H). Hiis result is 
indicative of the 3'^5' exo-nuclease directed excision of the mismatch at the 
3'.tenmni. of the primer, and (iu) under our exp«imental conditions, in the case 
of the 2'-0-methyl ribonucleotide modified primer sequences that form a single 
20 • base-pair mismatch at the 3'^nal nucleotide was extended witfi 
significandy reduced efficiency in relation to the analogous primei;rtemplate 
substrate (comparison between sub-panels a and b for panel ffl). 

The same above experiment was performed using a mutant Klenow 
fragment (exo-nucleasc deficient mutant derivative; Asp424Ala). Fig. 30 
25 shows the relative extension efficiency of primers with deoxynucleotide (panel 

D. ribonucleotide (panel H) and 2'-0-methyl ribonucleotide (panel ffl) 
modifications at the 3'-terminal nucleotide by the Kloiow fragment (exo- 
nuclease deficient mutant derivative; Asp424Ala) of DNA polymerase of R 
coli at src. For each type of 3*-termination a totally base-paired (sub-panel 
30 a) and a primer sequence that forms a single mismatch base-pair (sub-panel b) 

primer/template substrates were used for the assay. 
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In each case, the DNA substrate (32/60 mer) was used where the 5'- 
tenninus of the primer strand was labeled with '^P using T4 polynucleotide 
kinase. A polymerization reaction was initiated by the addition of the Klenow 
fragment mutant derivative (3'^5* exo-nuclease deficient) to a solution of the 
DNA substrate in the presence of dNTP and MgCla set at STC. The reaction 
concentration of the DNA was about 12.nM. each of the four dNTP was 200 
iM and the MgCh was 1.5 mM. For each reaction condition the DNA 
substrate and the Klenow fragment concentration were maintained at about 12 
nM and 75 nM, respectively. P denotes the position of the DNA primer (32- 
mer) and FL is the fiiUy extended product (60-mer). The most left lane for 
each sub-panel represents the control oUgonucleotide substrate. T denotes the 
time interval in minute that elapsed prior to quenching of the reaction 
following the addition of the Klenow fragment 

The results suggest the foUowing: (i) primers that contain a 
ribonucleotide and 2'-0-methyl ribonucleotide at the 3'-termini can be readily 
extended by the Klenow fragment (panels H and HI). However, the efficiency 
of extension of the 2'-0-methyl ribonucleotide modified oligonucleotide was 
lower compared to the primers that contain dNMP or rNMP at the 3'-termini 
(panel HI); (u) under our experimental conditions. DNA substrates that form a 
single base-pair mismatch at the 3'-terminal nucleotide of the primer are 
extended by Klraiow fragment with lower efficiency compared to tiiat of the 
totally complimentary DNA substrate for each set of DNA substrates 
(comparison of data between sub-panels a and b for each Panel); and Cm) 
under our experimental conditions, in the case of the 2'-0-methyl 
ribonucleotide modified prima that foim a single base-pair mismatch at the 3'- 
tenninal nucleotide was extended with reduced efficiency in relation to the 
totally complimentary primei/template substrate by the Klenow fragment 
(3'-^5* exo-nuclease deficient protein) (comparison of the data between sub- 
panels a and b of panel m). 
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EXAMPLE 26 

2*-0.methyl modification significantly protects the oUgonucleotide fit>m 

degradadon 

5 The relative rate of 3'-^5' exo-nuclease directed degradation catalyzed 

by the Klenow fragment of DNA polymerase of E. coli at 3TC is shown in 
Rg. 31. The primei/template substrates contain a deoxynucleotide (panel D. 
ribonucleotide (panel H) and 2'-0-methyl ribonucleotide (panel ffl) at the 3'- 
terminal nucleotide of the primer strand. For each type of the 3'-temunal 
10 nucleotide modification, a totally base-paired (sub-panel a) and a primer 

sequence that forms a single base-pair mismatch at the 3'-tenmni nucleotide 
position (sub-panel b) primer/template substrates were used for the assay. 

In each case, the DNA substirate (32/60 mer) was used where the 5'- 
termmi of tiie primer strand was labeled with «P using T4 polynucleotide 
15 kinase. An exo-nuclease directed degradation was initiated by die addition of 

the Klenow fragment to a solution of tiie DNA substrate in the presence of 
MgCl2 and NaCl at 37*'C. The reaction concentration of the DNA was about 
12 nM, tiie Klenow fragment was about 75 nM and the concentrations of 
MgQa and NaQ woe 6 mM and 50 mM. respectively. P denotes the position 
20 of tiie DNA primer (32-mer). Fbr each reaction condition the DNA substiate 

and the Klenow fragment concentiation were maintained at about 12 nM and 
75 nM, respectively. The most left lane for each sub-panel represents tiie 
control oligonucleotide substrate. T denotes tfie time interval in minute of 
time elapsed prior to quenching of tiie reaction foUowing tiie initiation of 

25 degradation. 

The results suggest tfic following: (i) primers tiiat contain a 
ribonucleotide and 2'-0-metfiyl ribonucleotide modifications at tfie 3'- 
terminus can be excised by ttie Klenow fragment, albeit at different rate. For 
tiie totally complimentary primei/template substrates, tfie rate of excision is 

30 higher in tiie order of dNTP, rNIP and 2'-0-metiiyl-NTP at tiie 3'-termmi. 

The above result impUes tiiat ttie 2'-0-methyl modification significantiy 
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me oUg<««e.eoti* iron. ^^"^ «>, *e exo-nuote^se 
protects ine oug experimental conditions, 

^^.y Of me Klenow fragment; and (n) wder - „ ^ ^ 

DNAsab«^a»sfta.fom..smglebase-paitmism..eh«ftad^m>«tf^P 

^tLiniof*e^»degraded«iU.oo.pa«bleefBc.ene..ab *^ 
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. • * 7--^ Ro 32 shows the relative rate of 3 
-I'-^S' exo-nuclease activity of Tne. Fig. 3Z snow^ u 
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riL.de.ane,.anda-.-n«..^^-^^^ 
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5 mooiui^ . r 3- jerminal nocleoOde of the 
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Brimer(8ub-pandb)wereasedfortheasaay. 

I «L case, the DNA s»bs.«.e (32«0 o«r) was used where *e 5^ 
^„us o, me prin^r strand was labeled »ith »P «^ « poly^^.- 
„ An ex^nuclease dlr^ degradation was --^^-J^^^ 
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„ .OS. left lane tor each sub-p^relrep^aentsti^eonoolohgonuc eotide 
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„,penchingofti«reactionfonowingU«additionof7>«. 

Results suggest ti« foUo«ing: (1) pri-e.^ 'h'' 
„a 2-.0.«e*,. ribonucleotide modifications a. the S'-enninus can be 

j /r ♦ rate Fbr the totaUy compUmentary 
30 occised by Tne. albeit at diffeicnt rate. Fbr > ^ 

^templatesubstrates.therateofexdsionishigherintheorderofdm^^ 
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OT- and r-0-n»Ayl-Nn> at the 3'-.emim of the pttaet. TWs, t«>»lt 
suggests that the r-O-methyl modifiction sigmficanOy p««eets the 
ougonucleodde ftom degradatio. by S'^S' exo-oucleaae activity of a«d 
(U) under oat experimental conditions. DNA substrates that fom, a single ba»- 
pair aianatch wift dOT- or tfOP at the S'-tennini am degraded «..h 
comp.rableeffidende.byT1.e(con.p.risonof.hed..abet«eensul>i««^^ 



Panels I and D). 



) 



EXAMPLE 27 

Effect of terminal base pail on the fluorescence of conjugated fluorescein 

Hu<«scence intensity, polarization and Wetoe of some c«mnonly 
^ fluorophores conjugated to oUgodeoxynucleo.es wi* difle«mt primary 
„d secondary stnictures were studied. Huorescence intensity may increase or 
aecease upon hybridization of fl« labeled strand to its complement dependmg 
on the sequence «.d pontion of U»> fluorophore. Quenching of the 
fluorescence in a single stnnd may «cur through a ch»ge transfer proems 

between U>e dye and guanosme. the most efficient donor of elechxms The 
fonnadon of the double suand«l structure prevent, charge separMion «a d» 
fluorescence intensity increases. Measurements of polariz^ion and lif«ime of 
fluorescein labeled oUgonucleotides indicate that base^njug.«=d fluotophore 
«i.t in two confonnations. "d»3^- and "brighC «i.h lo«et mobUity and 
shorter Ufetime of the ,uench«i state. The significance of secondary stiuctine 
on fluorescence has been investigated through the use of single stra^ied «Kl 

double stranded oUgonucleotides. 

OUgodeoxynucleotide synthesis reagents were pumhased fiom CBen 
Researeh. except for wash acetonitrile. which was pun=hased torn Fisher, and 
st^dard CPG. »Mch was ob.ain«l ftom ABL FI«oresc«.t 
oUgodeoxymKleotides were synftesized on a P«teptive Biosystems Expedite 
DNA synthesizer though direct incorporation of the fluorescem- 
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phosphoramidite to the 5'-end. fluoiescein CPG to the 3'-end and C5- 
fluorescein^ phosphoramidite internally. Other dyes weie incorporated 
post-syntheticaUy. A two-step procedure included the coupling of the ammo 
modifier C6 T phosphoramidite (phosphoramidite (5-[N- 

5 (trifluoroacetylaminohexyl)-3-acryUmido]-2'-deoxyuridinephosphorami^ 

during synthesis and post-synthetic modification with N-hydroxy succinimidyl 
ester of a fluorescent dye from Molecular Probes (Ju. J. et al., Proc. Natl 
Acad. Sci. USA 92:4347-4351 (1995)). Reverse phase HPLC analysis and 
purification of oUgonucleotides was done using a Waters AlUance HPIX: 

10 connected to a computer equipped with the Millemuum software package 

(Version 3.1). 

The fluorescent intercity, lifetime and polarization were measured for 
200nM fluorescent oUgonucleotides in 20 mM tris-HCl, pH 8.4. 50 mM KQ, 
2 mM MgCl2. and the concentration of unlabeled complementary 
15 oUgonucleotide used for duplex formation was 1 pM. mdess specified. 

Melting curves of fluorescent oUgonucleotides and duplexes were measured 
on ABI PRISM 7700 in 50 jil of the above buffer using the foUowing 
protocol: 25'»C for 2 min. 95''C for 2 min. then decreasing the temperature to 
25»C in 2'»C per 15 s increments, incubation at 25»C for 2 min. then increasing 
^20 the temperature to 25«>C in 2-C per 15 s increments. Fbr accurate comparison 

of the fluorescence of singl^stranded oUgonucleotides versus corresponding 
duplexes. normaUzation at 93-95-C was performed. At this temperature 
duplexes are completely melted and normaUzation procedure permitted to 
eUminate the weU-to-weU variation of the fluorescence readings. 
25 For some experiments labeled oUgonucleotides were hybridized to the 

complementary oUgonucleotides with the protruding 5'^ds. In order to 
create the blunt end duplex, the complex was incubated for 15 min at STC 
with 1 unit of Taq DNA polymerase (bivitrogen Corporation) and 200 nM 
corresponding dNTP in 50 pi of 20 mM tris-HCl. pH 8.4. 50 mM KCl. 2 mM 
30 MgCl2. Melting of die created duplexes was performed as described above. 
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PCR product of EA cDNA 133 bp ftagment was synthesized with 
dCgagttgaccgtaacagacatctt) (SEQ ID N0:9) as a forward primer and 
d(ccttctcatggtggctgtag) (SEQ ID NO:94) as a reverse primer where bold (t) 
marks the position where the fluorescein is attached. In another experiment 
5 linear labeled primer was replaced with the labeled hairpin oligonucleotide 

d(ctacagtccttctcatggtggctgtag) (SEQ ID NO:95). where underlined sequence is 
complementary to the 3'-end of the primer. 50 ^1 PGR mixture contained 
200nM of each primer. 10*^ copies of cloned IL4 cDNA in IX Platinum q PCR 
Supermix buffer (Invitrogen Corporation) including 200 jiM each dATP. 
10 dGTP, dCTP and TIP, 2 mM MgClz, 20 mM tiis-HCl. pH 8.4. 50 mM KQ. 

and 1 U Platinum™. Reactions were incubated at 25*'C for 2 min, 95"C for 2 
min. followed by 40 cycles: 95-C for 15 s. 55»C for 30 s and 72" C for 30 s. 

To examine the effect that the 5'-terminal base has on fluorescence, 
four oligonucleotides labeled at the 5'-end with 6^:arboxyfluoroscdn were 
15 synthesized. Their sequences were identical, except for the two bases at the 5'- 

end. which were d(AA). TT. d(CC) or d(GG). These labeled oUgonucleotides 
were hybridized to an excess of unlabeled complementary sequences of the 
same length and melting curves were measured on an ABI PRKM 7700. 
Normalized fluorescence at 25^C was calculated for single-stranded 
20 oUgonucleotides and duplexes as described above and presented in Rg. 34. 

The data shows the fluorescence signal does not change upon hybridization 
when the oUgonucleotide contains AA or TT at the 5'-end. On the oflier hand, 
there is approximately a 40% decrease in fluorescence upon hybridization 
when the fluorescent oUgonucleotide contains CC at the 5*-end. and about a 
25 30% decrease when the fluorescent oUgonucleotide contains CX} at the 5'-end. 

To examine the effect that the 3*-terminal base has on fluorescence, the 
fluorescein was attached to a thymidine near the 3'-end of oUgpnucleotide. 
Four labeled single-stranded oUgonucleotides differed only at die base on the 
3'-end. which was C. G, T or A (Table 3). Hiese oUgonucleotides were 
30 hybridized to a series of complementary strands of different length to form 

either a blunt end duplexes or a 5'-overhang. Based on 5'-overhangs. a 
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10 



15 



Q20 



^ of duplexes v.i* various end, have b.« ^ 

amps and DNA po,^. Son. <^-" 
ILl^eeu a» 3'<~<i or ^ labeled s.«.d and S^d^^ 
oUgonuclco^de. The ch«.ge of «"J^^^ 

, 1 * J tVip tneltine curves as descnbed above ana 
formation was calculated from the merang 

r.ed.Ta..e3.Ala...eaoU.o.ucleoUdeco.^..3---^^ 

eliminates the quenching (duplex A2). Replacing uiai !^ ^ 

^.C-GJp.i.-««d*c<,^Mng(dup.exA3).A5-^ov^a„g» 

l oou^le^-y unlabeled ^ P«.vides -noh less ^nclnng ^ 
Lt end base pair (dnpl«c A4). Adding a sceond G «, *c con.pl« 
"give a 2 base ove*ang «d»ces *e <^ng e«ect even 

O (series B. Table 3>. 71* ,ueneHing o^-^- 
^^g a base pair a. *e end (duplex Bl). Ex.end»g d» d^^ 
le addiL of an A-T base paix after G^ base pa. e—d *e 

quenching effect (duplex B2) 
Tables 



Duplex A 



A1...TC-3' 
.AG-5' 



0.13 



A2...TCA-3' 
...AGT-5' 



1.07 



Duplex B 

B1...TG-3' 
...AC-5' 

0.27 

B2...TGA-3' 
...AGT-5' 

1.08 



A3...TCC-3' 
..AGG-5' 

0.27 

A4:..TC-3' 
. . . AGG-5' 

0.61 

A57r.TC-3* 
-.AGGG-5' 



Duplex C 


Duplex D 


Cl...Tr-3' 
...AA-5' 
1.14 


D1...TA-3' 
...AT-5' 
1.09 


■ C2....TTC-3' 
. . . AAG-5' 

0.35 


D2...TAG-3' 
. . . ATC-5' 
0.19 


" C3 . . . TT-3' 
...AAG-5' 
0.72 




' C4...TT-3' 

. . .AAGG-5' 
0.82 




" C5...TTr3^ 
AAG-5' 
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0.76 
A6...TCCC-3' 
...ACX3G-5' 

0.33 




0.76 

C6... TTAC-3' 
. . . AATG-5 
0.50 








C7...TTAAC-3' 
...AATTG-5' 

1.06 






1 


C8 . . . TTAAAC-3' 
. . . AATTrG-5' 
1.80 





An oligonucleotide containing a 3'-tenninal T and a fluorescein on the 
penultimate base showed no decrease in fluorescence upon duplex fonnation 
(series C. duplex CI). Extending this duplex by the addition of a single G-C 
5 base pair to the blunt end resulted in significant quenching of the fluorescence 

(duplex C2). Replacing that G-C base pair with a 5'-G overhang or a terminal 
G-T mismatch substantially reduces tiie quenching observed (duplexes C3. C4 
and C5). A labeled oUgonucleotide ended witii adenosine (series D). 
demonstrated results similar to the T-ended oUgonucleotides. Only when the 
10 duplex was extended by tiie addition of a G-C base pair to the end was the 

fluoiescence quenching observed (duplex D2). 

The results in Table 3 also show that the quenching of fluorescence by 
the terminal G-C or C-G base pair is dependent on the distance between the 
fluorophoie and the blunt end. When the fluorophore is positioned further 
15 ftom the y-end. the quenching upon hybridization decreases (duplexes Al, 

A3 and A6; C2, C6-C8). When the fluorophore is at the 6* base ftom tiie end 
(duplex C8). the quenching effect disappears completely, and a strong 
enhancement of fluorescence is observed 

The effect of hybridization on fluorescence was compared for a 
20 fluorophore located on a base near the 3'-end versus 5'.end. Two 

oUgpnucleotides of tfie same sequence were syntiiesized so tiiat their 3'-half 
was a mirror image of tiie 5'-half (Rg. 35 and Table 4). The 3' -terminal base 
and the 5'- tenninal base were Gs. One of the oUgonucleotides had fluorescein 
attached to tiie thymidine closest to the 5'^nd, whUe die otiier oUgonucleotide 
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was labeled on the thymidine closest to the 3'-cnd. The labeled 
oUgonucleotides were hybridized to the unlabeled complementary sequence of 
the same size. The fluorescence intensity of the single-stranded and double- 
stranded structures was determined and shown in Table 4 and Fig. 35. The 
oUgonucleotide labeled close to the 3'-end shows substantial quenching upon 
hybridization, while the oUgonucleotide labeled close to the 5'-end exhibits no 
fluorescence decrease. 
Table 4 



Oligonucleotide duplex 


Fluorescence 
DS/ 

Fluorescmce 

SS 


5'-GATGGCTCTTGTTCTCGGTAG (SEQ ID NO: 133) 
ctaccgaaaacaaaagccatc (SEQ ID NO: 134) 


1.05 


5'-GATGGCTCTTGTTCTCGGTAG (SEQ ID NO :13b) 
ctaccgaqaacaaaagccatc (SEQ ID NO: 134) 


0.30 



EXAMPLE 28 

Increase of fluorescence intensity of the mtemaUy conjugated fluorescein 

upon duplex formation 



15 As shown by the results in Table 3. when the fluorophore is moved 

away ftom the 3'-terminal G-C base pair, the quenching became less 
pronounced and eventually an enhancement of fluoiescence is observed 
(duplexes C7 and C8). To examine this further. anoUier set of oUgonucleotides 
was synthesized. ITie first oUgonucleotide was labeled at the diird base from 
20 the 3'-end of the oUgonucleotide. A second oUgonucleotide was identical in 

sequence, except for three extra nucleotides added to the 3'-end. Thus, the 
second oUgonucleotide had the fluorescein 6 bases away from the 3'-end. 
Each oUgonucleotide was hybridized to its complementary sequence. Meltmg 
curves of both duplexes are presented in Fig. 36. The fluoiescence intensity 
25 decreased upon hybridization when two nucleotides separated the label and the 
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10 



15 



20 



25 



30 



3'.tenninal G-C base pair, but increased when the fluorophore was six 

nucleotides away from the 3' -end. 

This increase of fluorescence upon hybridization is dependent on the 
position of fluorophore within the oUgonucleotide sequence (Rg. 37). Hgjit 
oligonucleotides of the same sequence were synthesized which were different 
only in the position of fluorescein: 5'. 3' or internally at one of six different T 
bases. Melting curves of the single-stranded oUgonucleotides and duplexes 
were analyzed the relative fluorescence data are presented in Rg. 37. The 
fluorescence of the oligonucleotides labeled at tiie S'-end. 3'-end or T3 was 
quenched upon hybridization. However, for oUgonucleotides labeled at 
internal positions starting with T6. an increase in fluorescence was observed, 
m further the label was away from the 5'-end. the larger was liie 
fluorescence increase upon hybridization. 

A possible explanation for the increase of fluorescence upon 
hybridization is tiiat a quenched state of fluorophore in the single strand may 
be dequenched as a result of duplex formation. If so. then various labeled 
oligonucleotides tiiat increase the fluorescence in duplex to a different degiee 
should be quenched to a similar degree in the single-stranded form. Measuring 
the fluorescence intensity per pmol for the labeled single-stianded 
oUgonucleotides labeled at different positions is shown in Fig. 37. The 
homogeneity of tiiese oUgonucleotides was confirmed by HPIX:. As shown in 
Table 5, the specific fluorescence of free fluorescdn is substantiaUy higher 
than that of the dye-labeled nucleotide, which in its turn is higher than the 
fluorescence of the dye conjugated to oUgonucleotides. Interestingly, the 
flttorescence/pmol of single-stranded oUgonucleotides labeled at positions T3 
through T18 is inversely related to the fluorescence enhancement for the 
corresponding duplexes. Tbus. the oUgonucleotide labeled at positions T16 
and T18 are least fluorescent in the single-stranded state, but result in the most 
fluorescence enhancement upon duplex formation. TTierefore. hybridization 
appears to attenuate die quenching observed in the single-stranded 
oUgonucleotides. In order to determine how the sequence around the 
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fluorophore affects the increase of fluorescence in duplexes, a large number of 
intemaUy labeled oUgodeoxynucleotides were analyzed. The results show no 
significant effect of 3'- or S'-terminal bases on the fluorescence increase when 
the label is located at least 6 nucleotides from either end. However, the 
presence of at least one guanosine within four nucleotides of the label is 
required for the fluorescence to increase upon duplex formation. For example, 
when Gs around the label in dCCCnTtrrCATGGTGGCTGTAGAAC) (SEQ 
ID N0:1) were replaced with As. d(CCTrCTCATGGTGATAATAATAC) 
(SEQ ID NO:97), no fluorescence increase upon hybridization was observed. 

To determine whether there are any differences in the chargp or 
accessibiUty of the dye in the duplex structure as compared to the single 
strand, the fluorescence intensity of the fluorescein labeled single-stranded and 
double-stranded oUgonucleotides was measured in the presence of 25mM Nal, 
a known fluorescence quencher. Nal slightly decreased the fluorescence on 
both single-stranded and double-stranded oUgonucleotides. This impUes that 
the dye is equally accessible for Nal in both forms and argues against dye 
intercalation into the duplex. 

Tables 



Fluorescent material 


Fluorescence 
per pmol 


liluorescence 
ds/ss 


Ruorescein 


2.84 




Fluorescein-dUTP 


1.36 




"d^CnCTCATGGTGGCnurA 
GAAC)(SEOIDNO:98) 


1.07 


0.9 


dCCCTTCTCATGGTGGCTGTA 
GAAC)(SE0IDNO:99) 


0.98 


1.2 


dCCCTTCTCATGGTGGCTGTA 
GAAC)(SE01DNO:100) 


0.83 


1.3 


dCCCnCTCATGGTGGCTGTA 
GAAC) (SEQ ID NO: 101) 


0.72 


1.55 


dCCCnCTCATGGTGGCTGTA 
GAAC) (SEO ID NO: 102) 


0.64 


1.7 


d(CCTTCTCATGGTGGCTGTA 


0.70 


1.8 




EXAMPLE 29 

Effect of primary and secondary structure of oligonucleotide on fluorescence 
5 polarization and lifetime of the conjugated fluorescein 

Huorescence intensity and polarization of oligonucleotides labeled 
with fluorescein at positions T3. T18 and at the 5'-end were compared to the 
intensity andpolarization of the 133 bp double-stranded PGR products derived 
10 from the use of these oUgonucleotides as primers. In addition to linear 

oUgonucleotides. a hairpin forming oUgonucleotide labeled at position T18 
was examined. In this oUgonucleotide, six nucleotides were added to the 5'- 
end of the Unear oligonucleotide in order to form a blunt end hairpin. The 
fluorescence intensity and polarization of the single- and double-stranded 
15 structures are shown in Table 6. For the fluorescein attached to the 5'-position 

of oligonucleotide, the fluorescence intensity decreased upon the formation of 
the double-stranded structure and the polarization increased. The opposite 
effect was observed for the internally labeled oUgonucleotides. In this case, 
the increased intensity was accompanied by decreased polarization. The 
20 internally labeled hairpm oUgonucleotide exhibited die largest change in botii 

intensity and polarization upon the formation of ttie PGR product 

The fluorescence Ufetimes were determined for tiie fluorescein labeled 
single-stranded oUgonucleotide and its duplex that demonstrated 1.8 
difference in fluorescence intensity (TIS, Table 5). Measurements were 
25 performed at 25'»C in the solution described in Methods in frequency domain 

mode using a SPEX specttofluorometer. Data were analyzed with DataMax 
software CTable 7). A biexponetial decay model provided tiie best fit to die 
data for both die single-stranded and double-stranded oUgonucleotides witii 
decay components of approximately 4 ns and 1 ns. The Ufetime of the primary 
30 component was similar to tfie Ufetime of free fluorescein and its fractional 
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ampUtude is much higher than that of the short Ufetime component No 
significant difference in lifetime parameters between the single- and double- 
stranded structures was discovered. However, values of i indicate that other 
multiexponential decay models may provide a better fit to the data and resolve 
a more complex mixture of the decay components. 



Tabled 



Labeled oligonucleotide 



5'Huo- 

dCCCrrcrCATGGTGGCTGTA 

G)(SEQIDNO:103) 
d(CCTTCTCATGGTGGCTGTA 

G)(SEQIDNO:104) 
d(CCTrcTCATGGTGGCTGTA 

G)(SEQIDNO:94) 
d fCTACAGT CCTTCrCATGGTG 
GCTGTAG) (SEQ ID NO:95) 



Fluorescence PCR 
product 
Fluorescence 
oligonucleotide 



0.45 



1.05 



1.65 



8.20 



PnlarimtionPCR 
product 
Polarization 
oligonucleotide 
1.35 



0.80 
0.75 
0.25 



Table? 



Oli^onudeotide 


Ti(ns) 




T2(ns) 


«2 




d (CCTTCTCATGGTGGCTGTAGAAC) 
fSEOIDNO:!) 


4.22 


0.93 


1.15 


0.0*/ 


0.68 


d (CCTTCTCATGGTGGCTGTAGAAC ) 

(SEQ ID N0:1) 
taccaccgacggaagacatcttg 

(SEQ ID NO: 139) 


4.01 


0.95 


1.05 


0.05 


2.86 
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EXAMPLE 30 

Effect of primary and secondary structure of oUgonucleotides on fluorescence 

of dyes other than fluorescein 

All of the data presented in Examples 27-29 were obtained with 
oligonucleotides containing fluorescein conjugated through the C5 position of 
thymidine, or attached to the terminus by a short alkyl Unker. In addition to 
fluorescein, a variety of other fluorophores were examined. Similar to 
fluorescein, JOE. HEX. TET. Alexa 594. ROX. MAX and TAMRA are 
quenched at the proximity of terminal G-C and C-G base pair and enhance 
their fluorescence upon duplex formation when located internally at least six 
nucleotides away from the ends of oUgonucleotide. Certain other dyes, such as 
Texas Red, BODIPY TO and the Cy3 and Cy5 did not follow this pattern. 

EXAMPLES! 
Design and properties of fluorogenic PGR primers 

Fluorogenic primers were designed to increase their fluorescent 
intensity when incorporated into a double-stranded PGR product This design 
is based on a study of the effects that the primary and secondary stnicture of 
oUgonucleotides have on the properties of the conjugated fluorophores. The 
design factors or rules to consider are: the existence of either a C or G as the 
terminal 3'-nucleotide of the primer, the fluorophore being attached to the 
second or third base (thymidine) from the 3'-end; the existence of one or more 
Gs within the three nucleotides flanking the labeled nucleotide on the 5'-side; 
and for hairpin primers, the existence of a 5 ' -tail that is complementary to the 
3'-end of the primer. The 5'-tail forms a blunt-end hairpin at temperatures 
below its melting point, which is approximately the amiealing temperature of 
the primer to the template. The stem of the hairpin primeis had a AG ranging 
ftom -L6 to -5.8 kcal/mol (Table 8). The above characteristics and other 
standard characteristics of the primers, such as length and Tm, were included 
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in the primer desiga by proprietary software. Users may use the software to 
input their target or template sequence and the software will design primers 
following the design factors or rules previously mentioned (see Example 21 
for steps involved in determining sequence). These design rules enable the 
software to output numerous primer pairs that are located throughout the target 
sequence. For example, the software output 94 usable primer pairs for the 
GAPDH sequence (1310 base pairs). 



IL-4 



FAM 



11^4 FAM 



RDS 



RDS 



c-myc 



FAM 



FAM 



FAM 



c-myc 



FAM 



c-myc 



FAM 



d(gagttgaccgta 
acagacatctt) 
(SEQID 
N0:9) 



d(gagttgaccgta 
acagacatctt) 
(SEQID 
N 0:9) 



Reverse primer 
sequence 



(ccttctcatggtggct 
gtag) (SEQID 
NO:94) 



(cctggttatctgtgt 
c) (SEQID 
NQ:105: 
d- 

(cctggttatctgtgt 
c) (SEQID 
NO:105: 
d- 

(gacgcggggagg 
ctattctg) (SEQ 
IDNO:109) 



(cacgaaactttgcc 
catagca) (SEQ 
ID NO:lll) 



(ctacag tccttctcat 



ggtggctgtag) 
fSEQIDNO:95) 



(ggtgtctgtgtctcgg 
tag) (SEQ ID 
NO:106 
d 

(cteccgggtgtctgtg 
tctcggtag) (SEQ 
IDNO:74 
d- 

(gactogtagaaatac 
ggctgcaccgagtc) 
(SEQID 
NO:110) 



(cactggtc gggtgtt 
gtaagttccagtg) 
(SEQID 
N0:112) 
d- 



NA 



133 



1.6 



139 



N/A 



N/A 



-3.3 



136 



142 



236 



-3.7 



66 



-3.0 



562 
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10 



11 



12 



13 



14 



15 



c-myc 



GAPD 

iH 



(gatctcg tcctggg 
aagggagatc) 
(SEQID 
I NQ:113) 



(agggtgtgaccgca 
acgta) (SEQID 
N0:114) 



FAM |d- 

(gacgcggggagg 

ctattctg) (SEQ 

I ID N O:109: 

FAM |d- 

(agctgaacgggaa 

gctcact) (SEQ 

IDN0:117) 



GAPD 
H 



GAPD 
H 



GAPD 
H 



d- I -5.0 

fcagcggagtggagg 
gaggcgctg) (SEQ 
TP NO : 116) 

-j: 1-4.2 
(caacgtaggtccacc 
actgacacgttg) 
(SEQID 
NO:118) 



FAM |d- 

(gcaccgtcaaggc 

1 tgagaa) (SEQ 
IDN0:119) 



(gcaccgtcaaggc 
I tgagaa) (SEQ 
ID NO: 119) 



JOE 



Id- 

(cacgactggcgct 
gagtacgtcgtg) 
(SEQID 
NO: 123) 



(caacgtaggtccacc 
actgacacgttg) 
(SEQID 
NO:118) 

J. I -3.8 

(cacactggtgagga 
ggggagattcagtgtg 
) (SEQ ID 

NO:122) ^ 

J. R.5 

(atggcatggactgtg 
gtcat)(SEQID 
NO:124) 



Actin 



18 S 
IrRNA 



JOE 



d- 

(gatcttcgg caccc 



RDS 



JOE 



c)(SEQID 
N0:5g) 
d- 

(gactcattggccct 



c) (SEQ ID 
NO:127) 



d- I -4.0 

(aagtcatagtccgcct 

agaagcat)(SEQ 

ID NO: 126) 

d- TIT 

(ccaagatccaactac 
gagctt)(SEQID 
NO:128) 



FAM I d- 

(cctggttatctgtgt 

[c/t])(SEQID 

NO:129) 



d- « -5.4 

(ctaccgggtgtctgtg 
tctcggtag) (SEQ 
ID NO: 130) 



1107 



74 



570 



956 



280 



191 



143 



Primers bearing fluorophores were supplied by Synthetic Genetics 
(San Diego. CA) or by the chemistry department of bvitrogen Corporatipn 
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(Ufe Technologies Division, RockviUe. MD). -me chemical synthesis of 
FAM-labeled oligonucleotides was perfoixned either through direct 
incorporation of the fluorescein-dT phosphoramidite or by a two-step process, 
which included the coupUng of the amino modifier C6 T phosphoramidite 
(Glen Research) and post-synthetic modification using caiboxyfluorescein 
NHS ester (mixture of 5 and 6-isimers. Molecular Probes). The two-step 
process was used to synthesize all JOR-labeled oUgonucleotides, using 5- 
carboxy JOB NHS ester (Molecular Probes). Reverse phase purification of the 
modified primers was performed by absorption on polystyrene resin. 
) Unlabeled primers were supplied by Mvitrogen Corporation 

Total RNA was isolated from Hela cells and hmnan blood lymphocytes 
using the Trizol reagent (Invitrogen Corporation) as proscribed by die vendor 
protocol. The samples of RNA isolated from stimulated or aspirin-treated 
peripheral-blood T-cells (PBTs) were a generous gift from Dr. Vincenzo 
5 Casolaro (Johns Hopkins University. Baltimore. MD). Rrst-strand cDNAs 

were synthesized from total RNA by reverse transcription using the 
Superscript kit (Invitrogen Corporation) witii oUgo-d (Tims) or random 
hexamer primers; as proscribed by die vendor protocol. Ihe cloned cDNA 
template of interleukin-4 (IW) was generated by RT-PCR of total RNA from 
stimulated lymphocytes. Standard •'hot-start- PGR was performed using gene- 
specific primers (primer sequences not shown) and Taq polymerase with Taq 
polymerase antibodies (Platinum Quantitative PGR Supermix-UDG; 
Invitrogen Corporation). The PCRs amplified the appropriate cDNAs. nearly 
fiJl-length. which were then cloned into bacteria using the TOPO T/A cloning 
kit (Invitrogen Corporation). Fmally. plasmid DNAs from clones were 
purified by alkaline lysis followed by centrifirgation. tiien linearized and 
further purified by phenol extraction and etiianol precipitation before use as 
PCR templates. Copy number of plasmids was calculated using absorbance 
measurements at 260 mn excitation wavelength. The other cloned cDNA 
templates, cmyc oncogene. ^bc^, glyceraldehyde-6-phosphate 
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dehydiogpnase (GAPDH) and 18S ribosomal RNA. weie generated from Hela 
cell RNA using similar methods. 

Each 50 Id reaction contained the relevant template cDNA, 80 - 
200nM of each gene-specific primer. IX Platinum Quantitative PCR 
Supermix-UDG (Invitiogen Corporation) including 200 pM each dATP. 
dGTP. dCTP and 400 dUTP. 1 U uracil DNA glycosylase. 3 mM MgQz. 
20 n^ tris-HQ. pH 8.4. 50 mM KQ. DNA polymerase antibodies. 
stabiUzers. and 1.5 U Taq-polymerase and IX ROX reference dye (Invitiogen 
Corporation). For 3-step cycling, reactions were incubated at 25-C for 2 mm. 
95»C for 2 min. then cycled using 950C for 15 s. 550C for 30 s and ir C for 
30 s. then reactions were incubated at 25'>C for 2 min. Exceptions were made 
for mpUcons longer than 500 base pairs. THese included an extension time of 
120 s and a post-cycling hold of 4 min at 72»C. TWo-step cyclmg consisted of 
95°C for 15 sec and 65°C for 30 sec. Reactions were conducted in a 96-wen 
15 spectrofluorometric thermal cycler (ABI PRBM 7700. AppUed Biosystems. 

Inc.) or i-Cycler (BioRad). Huorescence was monitored during every PCR 

cycle at the annealing step. 

A schematic diagram of PCR with the fluoiogenic primers is presented 
in Fig. 38. The primer maintains a hairpin structure with a blunt-end that has a 

20 relatively low fluorescence at the temperature below Tta. When the hairpin 

melts, the fluorescence increases several fold, and teaches its maximum when 
the 3'-end of the primer is extended into the double-stranded PCR product A 
hairpin primer generates a better signal during real-time PCR than a linear 
primer because it is more quenched when not extended (Fig. 39A-C). Two 

25 labeled reverse primers were prepared, one hairpin and one linear, with 

identical sequence-specific portions (primer sets 1 and 2, Table 8). Ttey were 
used with the same forward unlabeled linear primer to amplify IL4 cDNA- 
The fluorescence of the PCR mixture was measured during a 25»C pre- 
leaction step, a 94»C denaturation step, an annealing step (55''C) of each PCR 

30 cycle and at 25"C after conviction of PCR using an ABI PRISM (Fig. 39A- 

C). nie fluorescence of the linear primer at the 25«C pre-incubation step is 
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higher than at the 94-C denaturing . step because of the known effect of 
temperature and pH on fluorescence (Ukowicz. J^. "Principles of 
fluorescence spectroscopy." Kluver Academic/Plenum PubUshers, New York. 

Ed., pp. 185-210 (1999)). During the PGR with the Unear labeled primer, 
the fluorescence remains constant for the initial cycles of PGR creating a 
baseline, and then rises to a plateau with a gain of 2000 relative fluorescence 
units. -IHe fluorescence at 25-C after the PGR is 2000 units higher than before 
the PGR. for the linear primer. The hairpin primer is quenched 3-fold more 
than the linear primer at 25°G. so the resulting gain in fluorescence at end- 
point is greater than for the linear primer, and equal to 5700 relative 
fluorescence units. The enhanced gain of the hairpin primer is understandable 
because the hairpin conformation exists, to some degree, at 55*'G and therefore 

retains some quenching. 

To study the effect that the hairpin primer has on PGR efficiency and 

15 specificity, the Gi« and the slopes of the amplification curves for the real-time 

PGRs performed witti either a linear or hairpin primer were conq)ared. The 
Gts and the slopes of the amplification curves were con^arable for the linear 
and hairpin primers, indicating that the hairpin structure did not adversely 
affect the PGR efficiency (Rgs. 39A-G and 40). Furthermore, the use of blunt- 

20 ended hairpin primers improves the specificity of PGR by reducing the 

formation of primer-dimer artifects in the absence of target Primer-dimer 
formation in separate reactions incorporating a linear labeled primer with an 
unlabeled counterpart primer that was either linear or hairpin were compared 
(Fig. 40; primer sets 3 and 4, Table 8). Reactions included 10-fold serial 

25 dilutions of genomic DNA and no-DNA controls. When both primers are 

linear, primer-dimers are amplified at the 45th cycle of PGR in the control 
with no added template. PGR containing a hairpin primer, conversely, does not 
result in primer-dimer amplification even after 55 cycles (Fig. 40). Agarose 
gel analysis confirmed the expected migration patterns of primer, primer- 

30 dimer and PGR product 
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EXAMPLE32 
Quantitative leal-tiine PC3R 

5 Samples with templates comprising a lO-fold, serial dilution of cloned, 

c-myc cDNA ranging ftom 10 to 10.000,000 copies are discriminated by two- 
step real time PGR (Fig. 41A; primer set 3, Table 8). A linear relationship (i^ 
= 0.999) exists between the Ct and starting copy nuinbers between 10 and 
10.000,000 (standard curve. Fig. 41B). To demonstrate that the fluorogenic 
10 PGR may be used for various targets, similar fluorogenic PCRs were 

performed using ten-fold serial dilutions of cloned cDNA (primer set 2. 
Table 8). Comparable results were obtained with a correlation coefficient of 
0.992. Samples containing three-fold, serial dUutions (three repUcate reactions 
per dilution) of cloned 1^4 cDNA ranging ftom 22 to 1.000,000 copies arc 
15 discriminated by tiiree-step, fluorogenic PCRs (primer set 2, Table 8). Tlic 

correlation coefficient of Ct verses copy number was 0.999. 

Other fluorogenic PCRs were performed for ampHcons of various 
sizes. FAM-labeled primers were designed for ampUcons of c-myc with sizes 
66, 562. 1107 base pairs and GAPDH with sizes 74, 570. 956 base pairs 
20 (Table 8). The fluorogenic PCRs (three-step cycling) were performed using 

cDNA ftom first-strand synthesis reactions (20 |il) using Hela total RNA (2.5 
ng) as a template. PCRs were performed with 2. 0.2. 0.02 or 0 |il of these first 
strand reactions. For all primer sets. cDNA dilutions were determined with 
evenly spaced C«. which confirms tiiat PGR efficiency is comparable for tiie 
25 amplicons of various sizes. 

EXAMPLE 33 
Multiplex quantitative PGR 

30 Quantitative, real-time, multiplex fluorogenic PCRs witii two sets of 

gene-specific primers is usefiil because one primer set may be used to detect 
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the amount of a gene that is variable and another for a gene that is relatively 
constant and used as a reference. Multiplex PGR using FAM-labeled primers 
for either c-myc or and a JOB-labeled primers for the reference gene was 
used Discrimination between 3-fold, serial dilutions of cloned 1LA cDNA 
(primer set 2. Table 8) ranging ftom 22 - 300.000 copies, with each dilution 
containing 1.000.000 copies of cloned GAPDH cDNA was studied (primer set 
12, Table 1; Fig. 42A). The correlation coefficient of Ct verses IL4 copy 
number was'o.999 for the best two out of three replicates. Thus, samples with 
unknown quantity of 1^4 may be detemiined by analyzing at what point the 
Ct of a PGR with the unknown samples occurs on the standard curve. A 
similar set of PCRs using a cloned cDNA for c-myc (primer set 5, Table 8) as 
the variable gene and GAPDH as the constant gene was performed. The 
results in Fig. 42B showed that discrimination between dilutions of c-myc is 
similar to IL-4. 

1 5 cDNAs other than GAPDH may be used as the reference gene. TTiree- 

fold serial dilutions of target concentration (1^4) were discrimmated by 
fluorogenic PGR when using either 1.000.000 copies of cloned cDNA P-actin 
(primer set 13, Table 8) or 18 S (primer set 14. Table 8) as the reference gene. 
Standard curve plots yield ^ values of 0.995 and 0.998 for P-actin and 18S. 

yjO respectively. 

Furthermore, first-strand cDNA from Hela cell total RNA was used as 
a source of the reference gene in place of specific cloned cDNA. This was 
done to detemiine whether the PGRs would amplify their specific targets 
among a mixture of nonspecific cDNAs. For these experiments, the variable 

25 template was cloned IL4 cDNA (3-fold dilutions) and the constant template 

was a fixed amount of first-strand cDNA ftom the reverse transcription of 
Hela total RNA (Figs. 43A-B). Standard curves yield r^ values of 0.997 for p- 
actin (primer set 13. Table 8). 0.996 for GAPDH (primer set 12. Table 8) and 
0.999 for 18S (primer set 14, Table 8). The fluorogenic PCRs amplified only 

30 their appropriate target Analysis of the PGR products by agarose gel 
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electrophoresis revealed either insignificant or no non-specific PGR products 

or piimer-dimers. 

M the above results weie obtained using the ABI 7700 system. 
Multiplex, fluorogenic PGR of variable amounts of cloned 11^ mixed with a 
constant amount of cloned GAPDH on the BioRad i-Cycler IQ system was 
perfomied. The Biorad i-Cycler IQ system detected the cDNAs with similar 
sensitivity and dynamic rangp as the ABI 7700. 

The results of quantitative PGR usmg fluorogenic primers may be 
analyzed by the comparative Gt metiiod. TTie comparative Cr metiiod is 
anotiier commonly used metiiod, besides tiie standard curve metiiod, for' 
quantifying an unknown amomit of target cDNA in a sample (User Bulletin 
#2, ABI PRISM 7700 Sequence Detection System. P/N 4303859). This 
mitiiod of analysis does not require plotting a standard curve of Gt veises 
starting copy number. Instead, tiie amount of target is calculated based on tiie 
difference between tfie Gt of tfie target and an endogenous reference gene. A 
subset of RNA samples tiiat were used in a published study where tiie 
comparative Gt metiiod was used in conjunction witii tiie 5' nuclease assay to 
show tfiat 1L4 expression is reduced in lymphocytes treated witii aspirin 
(Gianferoni. A. et al.. Blood 97:1742-1749 (2001)). Itie amount of IL4 in 
tiiese same samples were analyzed using fluorogenic. multiplex PGR by tiie 
comparative Grmetiiod. Total RNA (1 ng) from stimulated PBT samples tiiat 
were treated, or untreated, witii aspirin were reversed transcribed into cDNA 
and2,xl of tiiese reactions were used for real-time PGRs. One RTreaction was 

perfomied for each RNA sample and provided a template for tiiree repUcate 
PCRs. The tiiree-step. real-time, multiplex PGR protocol was performed using 
a FAM-labeled primer for 1^4 and a JOE-labeled primer for GAPDH (primer 
sets 2 and 12, Table 8). Hie CjS for die target gene (11^) and reference gene 
(GAPDH) were obtained using die ABI 7700. Hie level of IL4 mRNA in an 
aspirin-treated PBTs sample was 33% lower tiiat tiiat found in tiie untreat«i 
PBTs sample, as calculated by tiie comparative Gt metiiod. This result is 
comparable witii tfie 43% decrease in 1L4 expression after aspirin treamient 
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that was reported in the previous study using TaqMan™ probes (Cianferoni. 
A. etoL, Blood 97:1742-1749 (2001)). 

EXAMPLE 34 
End-point detection of allele-specific PGR 

To demonstrate end-point detection capabiUty. aUele-specific PCRs 
were performed using human genomic DNA as a template. These PCRs 
detected the presence of a CYT polymorphism at position 558 of the RDS gene 
) (Farrar, G.J. et al., Nucl Adds Res. 19:6982 (1991)). Two unlabeled, aUele- 

specific forward primers with C or T at the 3'-end. and a fluorogenic. reverse 
primer were designed to detect either the C or T polymorphism (primer set 15. 
Table 8). Discrimination of the alleles is based on the abiUty of DNA 
polymerase to extend 3' mismatches much less efficiently than correct 
5 matches (Petri^ka, J. et oL, Proc. NatL Acad. ScL USA 85:6252^256 (1988)). 

Two aUele-specific PCRs were performed on each of two genomic DNA 
samples bearing different single-nucleotide polymorphisms (Rg. 44). 
Following PGR, the fluorescence was determined directly in the PGR tubes 
using either fluorescence plate-reader (Polarion. TECAN) or a UV- 
:0 transilluminator. The results show that both alleles can be identified correcUy 

with the appropriate primer and there is no signal increase in the absence of 
target 

EXAMPLE35 
Quantitative RT-PCR for studying gene expression 

25 

Real time one-step RT-PCR was accompUshed using a primer pair 
where one primer (the fluorogenic primer) was labeled with a single 
fluorophore (FAM) on a T residue one base pair before to the 3'-end. No 
quencher is required. A taU of 5 nucleotides was added to the 5'-cnd of the 
30 fluorogenic primer to form a blunt-end hairpin when the primer is not 

incorporated into a PCR product This design provides a low initial 
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fluorescence of the primer that increases upon formation of the PGR product 
The hairpin primer may be as efficient as linear primers and provide additional 
specificity to the PGR by preventing primer-dimers and mispriming. The 
fluorgenic primer and the unlabeled primer were designed by specialized 
software (see Example 21) that incorporates rules for identifying an efficient 
label site and also minimizes unspedfic interactions during PGR. One step 
RT-PCR with HeLa total RNA as template was performed in real-time 
quantitation with a beta actin specific primer pair, designed as described 
above. The beta actin target was detected with precision in PGR using the 
FAM-labeled primer. Total RNA isolation was performed using Trizol 
reagent. One-step RT-PGR was performed by using a One Step Tbermoscript 
qRT-PCR kit (Invitrogen Gorporation, Gatalog No.: 1 1731-015). 

The beta-actin transcript was quantified in samples comprising 10-fold 
serial dilutions of HeU cell total RNA ranging fiom 100 ng - 0.1 pg in 
15 tripUcates including no template controls also in triplicates. The one-step RT- 

PCR in real time was performed on an ABI PRISM 7700 instrument using 30 
min at 50«G (RT reaction) followed by 5 min at 95-G and 45 cycles of 95°G 
for 15.sec/60°G for 45 sec (PGR reaction). Amplification plot is shown as Fig. 
45 and initial RNA concentrations versus Gt is shown as Fig. 46. 
20 Having now fiilly described the present invention in some detail by 

way of illustration and example for purposes of clarity of understanding, it 
will be obvious to one of ordinary sldU in the art that the same can be 
performed by modifying or changing the invention wilhin a wide and 
equivalent range of conditions, formulations and other parameters without 
25 affecting the scope of the invention or any specific embodiment thereof, and 

that such modifications or changes are intended to be encompassed within the 
scope of the aiq[)ended claims. 

All publications, patents and patent applications mentioned in this 
specification are indicative of the level of skill of those skilled in the art to 
30 which this invention pertains, and are herein incorporated by reference to the 
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saine extent as if each individual pubUcation. patent or patent application was 
specifically and individually indicated to be incoiporated by reference. 
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WHAT IS CLAIMED IS: 

1. A composition for quantifying or detecting one or more target 
nucleic acid molecules in a sample, comprising at least three oUgpnucleotides. 
wherein the first oligonucleotide has a tail at the 5'-end of the gene-specific 
target primer which is non-complementary to the target sequence and which is 
identical to the S'-end sequence of the second oUgonucIeotide; the second 
oligonucleotide is at least partially identical to the tail of the first 
oligonucleotide and is labeled with a fluorescent moiety; and the third 
OUgonucIeotide is aprim«complementary to the 3'^d of the target 

2. A method for quantitation or detection of one or more nucldc 
acid molecules in a sample during nucleic acid ampUfication comprising: 

mixing one or more nucleic acid templates with 
oUgonucleotides of claim 1 under conditions sufficient to amplify one or more 
nucleic acid molecules complementary to all or a portion of said templates, 
said ampUfied nucleic acid molecule comprising said oUgonucleotides; and 

detecting the presence or absence or quantifying the amount of 
said nucleic acid molecules by measuring the detectable labels of said 
oligonucleotides. 

3. A method for ampUfying a double-stranded nucleic cid 
molecule, comprising at least three oUgonucleotides, wherein the first 
OUgonucIeotide hasatail at the 5'^.nd of the gene-specific target primer which 

is non-complementary to the target sequence and which is identical to the 3'- 
end sequence of the second oUgonucIeotide; the second oUgonucIeotide is at 
least partiaUy identical to the taU of the first oUgonucIeotide and is labeled 
witfi a fluorescent moiety; and the third oUgonucIeotide is a PGR primer 
complementary to the 3'-end of the target 
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incubatmg said mixture unu«i 

an or apoition of said templates or targets. 

0„ 5 A n».hod for sjnthesizing or ^npUfytog 

.liec^ n-cificit, Of nucHc ^ « 

'^ZTerZI- .e^ « targets ^ 
or^oreoUgoIeoL , — 

-■^-tirrrt:^.^ s^» 

^ nucleic acid molecules complemeotary to 

s,„fl»si«or»nplifyoueormorenucle.cac ^ 

^ «f eairl templates or targets, wneiem u. j 

" " '"'^T mZ^mcity When compare, to amp^fication or 
a^Uficaaon has mcreased specm ^„^<^™, 
sj^ftesis conducted with an oligonudeodde «« « ahattp 



15 



Q20 



25 



30 



6 A method for synthesizing or amplifying <me or more nucleic 
. «„«nficity Of the nucleic acid synthesis or 
acid molecules, wherem the specificity 

„ ... oUgonZ^dcs. ^here. said one or more of said oUgonncle<.des 

— "---""^rrr^Tconditioos sufacien. to 

'"irilicl molecu.es co^plement-yu. 
^^^oramph^oneorm^-^tc ^ ^ 

aU or a portion of said tempiaies ox uug 



_ PCTAJSOl/50460 

WO 02/057479 



173- 



10 



15 



20 



25 



30 



ampUfication has increased specificity when compared to amplification or 
synthesis conducted with an unmodified oUgonucleotide. 

7. A method for synthesizing or amplifying one or more nucleic 
acid molecules, wherein the synthesis or amplification inhilrits or reduces mis- 

priming, comprising: 

mixing one or more nucleic acid templates or targets with one 
or more oUgonucleotides. wherdn said one or more of said oligonucleotides 
comprises at least one hairpin structure; and 

incubating said mixture under conditions sufficient to 
synthesize, or amplify one or more nucleic acid molecules complementary to 
all or a portion of said templates or targets, wherein the synthesis or 
amplification inhibits or reduces mis-priming when compared to amplificaiton 
or synthesis conducted with an oligonucleotide not in a hairpin conf omiation. 

8. A method for synthesizing or amplifying one or more nucleic 
acid molecules, wherein the synthesis or amplification inhibits or reduces mis- 

priming, comprising: 

mixing one or more nucleic acid templates or targets with one 
or more oligonucleotides, wherein said one or more of said oligonucleotides 
comprises at least one modified oligonucleotide; and 

incubating said mixture under conditions sufficient to 
synthesize or ampUfy one or more nucleic acid molecules complementary to 
all or a portion of said templates or targets, wherein the synthesis or 
amplification inhibits or reduces mis-priming when compared to amplification 
or synthesis conducted with an unmodified oUgonucleotide. 

9. A composition comprising one or more nucldc acid molecules 
and at least one oUgonucleotide. wherein at least a portion of said 
oUgonucleotide is capable of hybridizing with at least a portion of said nucleic 
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acid molecule and wherein said oUgonucleotide comprises a modified 
nucleotide at or near the 3*-tetminal nucleotide. 

10. The composition of claim 9. wherein said modified 
ribonucleotide is a 2'-0- alkyl ribonucleotide. 

11. The composition of claims 9 or 10. further comprising at least 
one component selected ftom the group consisting of one or more nucleotides, 
one or more DNA polymerases and one or more reverse transcriptases. 

12. A method for amplifying a double-stranded nucleic acid 

molecule, comprising: 

providing a first and second primer, wherein said first primer is 
complementary to a sequence withm or at or near the 3 '-termini of the first 
strand of said nucleic molecule and said spcond primer is complementary to a 
sequence within or at or near the 3 '-termini of the second strand of sard 

nucleic acid molecule; 

hyteidi2iiig said first primer to said first strand «.d mi sMond 
to said second strand to the presence of one or more of fte 
polymerases, nnder conditions such thrt a third nucleic add molecule 
complemen.«y u, aU or a portion of said first st.»md and a fourth nucleic acd 
molecule complementary to aU or a potion said second strand are synthesued; 

denaturing said first a»l third strand, and said second aiKl 

fourth strands; and 

repeating the above steps one or more times, wherein one or 
more of the primers comprise a modified nucleotide at or near the 3'-tenninal 
nucleotide. 

13. The method of claim 12. wherein said modified ribonucleotide 
is a 2'-0- alkyl ribonucleotide. 
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14. A method of detennining the presence of at least one nucleotide 
of interest at a specific position in a target nucleic add molecule, comprising: 

contacting at least one target nucleic acid molecule having said 
nucleotide of interest at a specific position on a target nucleic acid molecule 
5 with at least one oUgonucleotide. wherein at least a portion of the 

oUgonucleotide is capable of forming base pairs or hybridizing with at least a 
portion of the target nucldc acid molecule and wherein the oUgonucleotide 
comprises a modified nucleotide at or near the S'-terminal nucleotide; and 

incubating the oUgonucleotide and the target nucleic acid 
10 molecule under conditions sufficient to cause extension of the oUgonucleotide 

when the 3'-most nucleotide of the oUgonucleotide base pair with die 
nucleotide at die specific position of the target nucleic add molecule, wherein 
the presence of or increased production of an extension product indicates die 
presence of die particular nucleotide at die spedfic position. 

15. The mediod of claim 14. wherdn said modified ribonucleotide 
is a 2' -O- alkyl ribonucleotide. 

16. A mediod of determining die absence of at least one nucleotide 
20 at a spedfic position in a target nucldc acid molecule, comprising: 

contacting at least one taigpt nucldc acid molecule having said 
nucleotide of interest at a spedfic position on die targpt nucleic add molecule 
widi at least one oUgonucleotide. wherein at least one portion of die 
oUgonucleotide is capable of forming base pairs or hybridizing widi at least a 

25 portion of die target nucleic acid molecule and wherein die oUgonucleotide 

comprises a modified nucleotide at or near die 3'-terminal nucleotide; and 

incubating die oUgonucleotide and target nucleic add molecule 
under conditions suffident to inhibit or prevent extension of die 
oUgonucleotide when die 3'-most nucleotide of die oUgonucleotide does not 

30 substantiaUy base pair widi die nucleotide of die specific position of die tiirgpt 

nucleic add molecule, wherdn die substantial reduction or no production of 



PCT/US01/5(M60 

WO 02/057479 



-176- 



an extension product indicates the absence of the particular nucleotide at the 
specific position. 

17. The method of claim 16. wherein said modified ribonucleotide 
5 is a 2*-0- alkyl ribonucleotide. 

18. A method of determining the presence or absence of a 
nucleotide at a specific position in a target nucleic acid molecule, comprising: 

contacting at least first oUgonucleotide with at least one target 
10 nucleic acid molecule under conditions sufficient to cause extension of the 

first oUgonucleotide when the 3'-most nucleotide of the oUgonucleotide base 
pairs with the nucleotide at the specific position of the target nucleic acid 
molecule, wherein said first oUgonucleotide comprises a modified nucleotide 
at or near the S'-terminal nucleotide; 
15 contacting at least a second oUgonucleotide with at least one 

target nucleic acid molecule under conditions sufficient to inhibit or prevent 
extension of the oUgonucleotide when the 3'-most nucleotide of the 
oUgonucleotide do not substantiaUy base pair with the nucleotide at the 
specific position of the target nucleic acid molecule, wherein said second 
20 oUgonucleotide comprises a modified nucleotide at or near the 3'-terminal 

nucleotide; and 

comparing the level of extension or the amount of extension 
product accompUshed with the first oUgonucleotide compared to the second 
oUgonucleotide. 



25 



19. nie method of claim 18. wherein said modified ribonucleotide 
is a 2'-0- alkyl ribonucleotide. 



30 



20. A method for synthesizing or ampUfying one or more 
acid molecules con^)rising: 
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mixing one or more nucleic add templates or targets with one 
or more oligonucleotides, wherein said one or more of said oligonucleotides 
comprise a modified nucleotide at or near the 3'-tenninal nucleotide; and 

incubating said mixtoire mider conditions sufficient to 
syntiiesize or amplify one or more nucleic acid molecules complementary to 
all or a portion of said templates or targets. 

21. The method of claim 20, wherein said modified ribonucleotide 
is a 2'-0- alkyl ribonucleotide. 



22. A method for synthesizing or ampUfying one or more nucldc 
add molecules, wherein tiie spedficity of the nucleic acid synthesis or 
amplification is increased, comprising; 

mixing one or more nucldc add templates or targets with one 
15 or more oUgonucleotides. wherein said one or more of said oUgonucleotides 

comprises a modified ribonucleotide at or near the 3'-teiminal nucleotide; and 
incubating said mixture under conditions suffident to 
syntiiesize or amplify one or more nucleic acid molecules complementary to 
all or a portion of said templates or targets, wherein tiie syndesis or 
20 amplification has increased specifidty when compared to ampUfication or 

synthesis conducted wifli an oUgonucleotide not modified with a modified 
nucleotide at or near the 3*-teniiinal nucleotide. 



23. The metiiod of claim 22. wherein said modified ribonucleotide 
25 is a 2'^-allcyl ribonucleotide. 
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wheidn, 

X is selected ftom the group consisting of -0-, -S-, -SO-, 

SOz-.-Se-. C(R8R9). -N(RioRn). NRio, ^Chd andP(0)-0-Ri2; 

R, is selected ftom the group consisting of nucleobases, 

hetroaromatic groups, hetrocycUc group and aryl; 

R2 is selected ftom the group consisting of H. alkyl. alkyloxy. 
alkylamino, alkyhnercapto, aryl. aryloxy, carboxyUc acid, carboxamide. 
aminoadd, hydroxyacid. peptide, sugar, hydroxy, amino and thio; 

R3 is selected ftom the group consisting of H, alkyl. alkyloxy, 
alkylamino, alkyhnercapto, aryl, aryloxy. caiboxyUc acid, carboxamide. 
aminoacid. hydroxyacid, peptide, sugar, hydroxy, amino and thio; 

each R4 is selected ftom the group consisting of hydroxy, 

alkoxy, amino and thio; 

R5 is selected ftom the group consisting of H, alkyl, alkyloxy, 
alkylamino, alkyhneroapto, aryl, aryloxy. carboxyUc acid, carboxamide, 
aminoacid, hydroxyacid, peptide, sugar, hydroxy, amino and thio; 

U is selected ftom the group consisting of nucleobases. 
heteroaromatic groups, heterocyclic group and aryl; 

R,isR2 (whenU= CRs. NRio.N) or R^is absent when U = 

-0-. -S-. -SO-. -S02-.or-Se-; 
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is selected fiom the group consisting of triphosphate, 
diphosphate, monophosphate, phosphorotioate. oUgonucleotide. nucleic acid. 

DNA. RNA, LNA[JW2] and PNA; 

Rg is selected from the group consisting of H, alkyl. alkyloxy. 
alkylamino. alkyhnercapto. aryl. aryloxy. caiboxyUc acid, caiboxamide. 
aminoacid, hydroxyacid. peptide, sugar, hydroxy, amino and thio; 

Rgis selected from the group consisting of H. alkyl, alkyloxy. 
alkylamino. alkyhneroapto. aryl. aryloxy, caiboxyUc add. caiboxamide, 
aminoacid, hydroxyacid. peptide, sugar, hydroxy, amino and thio; ^ 

Rio. Rn. and Ru are the same or different and are selected ftom 
the group consisting of alkyl. alkyloxy. alkylamino. alkylmercapto. aiyl, 
aryloxy. caiboxyUc acid, caiboxamide. aminoacid. hydroxyacid. peptide and 
sugar. 

25. An oUgonucleotide comprising one or more nucleotide 

analogues of claim 24. 



26. A composition comprising one or more nuclac acid molecules 
and at least 6ne oUgonucleotide. wherem at least a portion of said 

20 OUgonucleotide is capable of hybridizing witii at least a portion of said nucldc 

acid molecule and wherein said oUgonucleotide comprises one or more 
nucleotide analogues of claim 24. 

27. A method of making a composition, comprising the steps of: 

25 providing at least one oUgonucleotide; and 

contacting said oUgonucleotide with at least one nucleic acid 
molecule, wheiein at least a portion of said oUgonucleotide is capable of 
hybridizing with at least a portion of said nucleic add molecule and wheidn 
said oUgonucleotide comprises one or more nucleotide analogues of claim 24. 



30 
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28. A composition for quantifying or detecting one or more target 
nucleic acid molecules in a sample conqnising one or more oligonucleotides 
and one or more target nucleic acid molecules to be detected or quantified, 
wherein said oligonucleotides contains one or more nucleotide analogues of 
claim 24. 

29. A method for the quantification or detection of one or more 
target nucleic add molecules in a sample comprising hybridizing one or more 
oligonucleotides with one or more molecules to be detected or quantified, and 
detecting the presence or absence and/or quantifying the amount of said target 
nucleic acid molecules, wherein said oligonucleotides contains one or more 
nucleotide analogues of claim 24. 

30. A method for the quantitation or detection of one or more 
nucleic add molecules in a sample during nucleic add synthesis comprising: 

mixing one or more nucleic acid tomphtes with one or more 
oligonucleotides, wherdn said oligonucleotides contains one or more nucleotide 

analogues of claim 24; 

incubating said mixture under conditions sufficient to syntfiesize 
one or more nucleic add molecules complementary to all or a portion of said 
templates, said syntiiesized nucleic add molecule comprising said 
oligonucleotides; and 

detecting the presence or absence or quantifying the amount of 
said synthesized nucleic acid molecules by measuring fte amount of nucleic 
acid molecules synthesized in said sample. 

31. A method for quantitation or detection of one or more nucleic 
add molecules in a sample during nucldc add amplification comprising: 

mixing one or more nucldc add templates with one or more 
oligonucleotides, wherein said oligonucleotides contains one or more nucleotide 
analogues of claim 24; 
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incubating said mixtuie under conditions sufficient to amplify 
one or more nucleic acid molecules complementary to all or a portion of said 
templates, said anq)lified nucleic acid molecule comprising said 
oligonucleotides; and 

detecting the presence or absence or quantifying the amount of 
said nucleic acid molecules by measuring the amount of nucleic add molecules 
amplified in said sample. 

32. The method for amplif^g a double stranded nucleic add 

molecule, comprising: 

providing a first and second primer, wherein said first primer is 
complementary to a sequence within or at or near the S'-tenmni of the first 
strand of said nucleic molecule and said second primer is complementary to a 
sequence within or at or near the 3'-termmi of the second strand of said nucleic 
add molecule; 

hybridizing said first primer to said first strand and said second 
primer to said second strand in the presence of one or more of the polymerases, 
under conditions such that a third nucleic add molecule complemratary to all or 
a portion of said first strand and a fourth nucleic acid molecule complementary 
to all or a portion said second strand are synthesized; 

denaturing said first and third strand, and said second and fourth 

strands; and 

repeating the above steps one or more times, wherein one or 
more of the primers comprise one or more of the nucleotide analogues of 
claim 24. 

33. A method of det^mining the presence of one or more particular 
nucleotides at a spedfic position or positions in a target nucleic add molecule, 
comprising: 

contacting at least one target nucleic add molecule having one or 
more nucleotides of interest at a specific position or positions on a target nucleic 
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acid molecule with at least one oligonucleotide, wherein at least a portion of the 
oligonucleotide is capable of forming base pairs or hybridizing with at least a 
portion of the target nucleic acid molecule and wherein the oligonucleotide 
comprises one or more nucleotides of claim 24; and 

5 incubating the oligonucleotide and the target nucleic acid 

molecule under conditions sufficient to cause extension of the oligonucleotide 
when the 3'-most nucleotide or nucleotides of the oligonucleotide base pair with 
the nucleotide or nucleotides at the specific position or positions of the target 
nucleic acid molecule, wherein the production of an extension product indicates 

10 the presence of the particular nucleotide at tfie specific position. 

34. A method of determining the absence of one or more particular 
nucleotides at a specific position or positions in a target nucleic acid molecule, 
comprising: 

contacting at least one target nucleic acid molecule having one 
or more nucleotides of interest at a specific position or positions on the target- 
nucleic acid molecule with at least one oligonucleotide, wherran at least one 
portion of the oligonucleotide is capable of forming base pairs or hybridizing 
with at least a portion of the target nucleic acid molecule and wherein the 
oligonucleotide conqnises one or more nucleotides of claim 24; and 

incubating the oligonucleotide and target nucleic add molecule 
under conditions sufficient to inhibit or prevent extension of the oligonucleotide 
when the 3'-most nucleotide or nucleotides of Ae oUgonucleotide does not 
substantially base pair with the nucleotide or nucleotides of die specific position 
or positions of the target nucleic acid molecule, wherein the lack of or reduced 
production of an extension product indicates die absence of the particular 
nucleotide at the specific position. 

35. A method of detamining the presence or absence of one or more 
30 particular nucleotides at a specific position or positions in a target nucleic add 

molecule, comprising: 



15 
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contacting at least first oligonucleotide with at least one target 
nucleic acid molecule under conditions sufficient to cause extension of the first 
oligonucleotide when ttie 3'-most nucleotide or nucleotides of die 
oligonucleotide base pairs with the nucleotide or nucleotides at the specific 
position or positions of the target nucleic acid molecule; 

contacting at least a second oligonucleotide with at least one 
target nucleic acid molecule under conditions sufficient to inhibit or prevent 
extension of the oligonucleotide when tiie 3'-most nucleotide or nucleotides of 
the oligonucleotide do not substantially base pair witii the nucleotide or 
nucleotides at the specific position or positions of the target nucleic acid 
molecule; and 

comparing the level of extension or the amount of extension 
product accomplished with the first oligonucleotide compared to tiie second 
oligonucleotide, wherein said first and/or second oligonucleotide comprises one 
or more nucleotides of claim 24. 

36. A method of determining the presence or absence of at least one 
particular nucleotide of int^:est at a specific position in a target nucleic add 
molecule, comprising: 

providing at least one target nucleic acid molecule having said 
nucleotide of int^est at a specific position; 

contacting said target nucleic add molecule with at least one 
oligonucleotide, wherein at least a portion of the oligonucleotide is cq>able of 
forming base pairs or hybridizing with at least a portion of the nucleic add 
molecule and wheiein the oligonucleotide comprises at least one nucleotide of 
claim 24; 
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contacting the oligonucleotide and the target nucleic acid 
molecule with a polymerase less able to extend the oligonucleotide when the 3 - 
most nucleotide of the oligonucleotide does not base pair witii tiie target nucleic 
acid and more able to extend the oligonucleotide when the 3 -most nucleotide of 
die oligonucleotide base pairs witii die target nucleic acid molecule; and 

measuring the level of extension of the oligonucleotide. 

37. A metiiod for synfliesizing or amplifying one or mere nucleic 
acid molecules comprising: 

mixing one or more nucleic add templates or targets with one or 
more oligonucleotides, wherein said oligonucleotides comprises one or more 
nucleotide analogues of claim 24 ; and 

incubating said noixture under conditions sufficient to synthesize 
or amplify one or more nucleic acid molecules complementary to all or a 
portion of said templates or targets. 

38. A kit for use in syntiiesis of a nucleic acid molecule, said kit 
comprising one or more oligonucleotides comprising one or more of the 
nucleotide analogues of claim 24. 

39. A kit for use in amplification of a nucleic acid molecule, said 
kit comprising one or more oligonucleotides comprising one or more of die 
nucleotide analogues of claim 24. 

40. A method of detecting a single nucleotide polymorphism 
con^>rising the steps of: 

contacting at least a first oligonucleotide with at least one target 
nucleic acid molecule under conditions sufficient to cause extension of the first 
oligonucleotide when the 3*-most nucleoticte. or nucleotides of the 
oligonucleotide base pairs with the nucleotide or nucleotides at the specific 
position or positions of the target nucleic acid molecule; 
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contacting at least a second oligonucleotide with at least one 
target nucleic add molecule under conditions sufficient to inhibit or prevent 
extension of the oligonucleotide when the 3'-most nucleotide or nucleotides of 
the oligonucleotide do not substantially base pair with the nucleotide or 
nucleotides at the specific position or positions of the target nucleic acid 
molecule; and 

comparing die level of extension or the amount of extension 
product accomplished with the first oligonucleotide compared to the second 
oligonucleotide, wherein said first and/or second oligonucleotide comprises one 
or more nucleotides of claim 24. 

41 . A kit for the detection or measurement of nucleic acid synthesis 
or amplification products comprising one or more oligonucleotides comprising 
one or more nucleotide analogues of claim 24. 

42. An oligonucleotide comprising: 

a cytosine or guanine or analog of said cytosine or guanine 
thereof at the 3'-termini, and 

one OT more detectable labels on at least the second, third, 
fourth, fifth or sixth base from the 3'-termini. 

43. TTie oligonucleotide of claim 42, further comprising one or 
more guanines within three nucleotides flanking the labeled nucleotide on the 
5'-enA 

44. The oligonucleotide of claim 42, capable of forming a hairpin. 

45. The oligonucleotide of claim 42, having a single detectable 

label. 



wo 02/057479 




PCT/USOl/50460 



46. Ttie oligonucleotide of claim 42, wherein said base is a 
thymidine. 

47. The oligonucleotide of claim 42, wherein said detectable labels 
5 are selected from the group consisting of fluorescent labels, chemiluminescent 

labels and bioluminescent labels. 

48. Hie oligonucleotide of claim 47, wherdn said fluorescent 
labels are selected from the group consisting of FAM, TAMRA, JOE, 

10 Rhodamme,BODIPY,R6G,ROX,andEDANS. 

49. The oligonucleotide of claim 44, wherein said hairpin is blunt- 
ended. 

15 50. The oligonucleotide of claim 44, wherein said hairpin 

comprises an overhanging guanine. 

51. An oligonucleotide coii]|)rising: 

an adenine or guanine at the 3'-termini, 
^20 an overiianging guanine at the 5*-teimini, and 

^ one or more detectable labels on at least the second, third, 

fourdi, fifth or sixth base fmm a S'-tetmini. 

52. The oligonucleotide of claim 51, further comprising one or 
25 more guanines within three nucleotides flanking the labeled nucleotide on the 

5'-end. 

53. The oligonucleotide of claim 51, arable of forming a hairjan. 



30 



54. The oligonucleotide of claim 51, having a single detectable 

label. 
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55. The oligonucleotide of claim 51, wherein said base is a 
thymidine. 

5 56. The oligonucleotide of claim 51, wherein said detectable labels 

are selected from the group consisting of fluorescent labels, chemiluminescent 
labels and bioluminescent labels. 

57. The oligonucleotide of claim 56, wherein said fluorescent 
10 labels are selected from the group consisting of FAM, TAMRA, JOE, 

Rhodamine, BODIPY, R6G, ROX, and EDANS. 

58. A composition comprising one or more nucleic acid molecules 
and at least one oligonucleotide of claims 42 or 51, wherein a portion of said 

15 oligonucleotideiscapableof hybridizing with at least a portion of said nucleic 

acid molecule. 

59. The composition of claim 58, further comprising at least one 
component selected from the group consisting of one or more nucleotides, one 

20 or more DNA polymerases and one or more reverse transcriptases. 

60. A method of making a composition, comprising the steps of: 
providing at least one oligonucleotide; and 

contacting said oligonucleotide with at least one nucleic add 
25 molecule, wherein at least a portion of said oligonucleotide is capable of 

hybridizing with at least a portion of said nucleic acid molecule and wherein 
said oligonucleotide comprises said oligonucleotide of claims 42 or 51. 

61. A composition for quantifying or detecting one or more target 
30 nucleic acid molecules in a sample comprising one or more oligonucleotides 
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and one or more target nucleic add molecules to be detected or quantified, 
wherein said oligonucleotides contain said oligonucleotide of claims 42 or 51. 

62. A method for the quantification or detection of one or more 
target nucleic acid molecules in a sample comprising hybridizing one or more 
oligonucleotides with one or more molecules to be detected or quantified, and 
detecting the presence or absence and/or quantifying the amount of said target 
nucleic acid molecules, wherein said oligonucleotides contain an 
oligonucleotide of claims 42 or 51. 

63. A method for the quantitation or detection of one or more 
nucleic acid molecules in a sample during nucleic acid synthesis comprising: 

mixing one or more nucleic acid templates with one or more 
oligonucleotides, wherein said oligonucleotides contain an oligonucleotide of 
claims 41 or 51; 

incubating said mixture under conditions sufficient to synthesize 
one or more nucleic add molecules complementary to all or a portion of said 
templates, said synthesized nucldc add molecule comprising said 
oligonucleotides; and 

detecting the presoice or absence or quantifying tiie amount of 
said synthesized nucleic acid molecules by measuring tiie amount of nucleic 
add molecules synthesized in said sample. 

64. The method for amplifying a double stranded nucleic add 

molecule, comprising: 

providing a first and second primer, wherein said first primer is 
complementary to a sequence within or at or near tiie 3'-termini of the first 
strand of said nucldc molecule and said second primer is complementary to a 
sequence witiiin or at or near tiie 3'-termini of tiie second sttand of said nucldc 
add molecule; 
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hybridizing said first primer to said first strand and said second 
primer to said second strand in fee presence of one or more of the polymerases, 
under conditions such that a third nucleic add molecule complementary to all or 
a portion of said first strand and a fourth nucleic acid molecule complementary 
to all or a portion said second strand are synthesized; 

denaturing said first and third strand, and said second and fourth 

strands; and 

repeating the above steps one or more times, wherein one or 
more of the primers comprise an oligonucleotide of claims 42 or 51. 

65. A method of determining the presence of one or more particular 
nucleotides at a specific position or positions in a target nucleic acid molecule, 
comprising: 

contacting at least one target nucleic acid molecule having one or 
more nucleotides of interest at a specific position or positions on a target nucleic 
acid molecule with at least one oligonucleotide, wherein at least a portion of the 
oligonucleotide is capable of forming base pairs or hybridizing with at least a 
portion of the target nucleic acid molecule and wherein the oligonucleotide 
comprises an oligonucleotide of claims 41 or 51; and 

incubating the oligonucleotide and the target nucleic add 
molecule under conditions suffident to cause extrasion of the oligonucleotide 
when the 3 -most nucleotide or nucleotides of tiie oligonucleotide base pair with 
the nucleotide or nucleotides at the spedfic position or positions of die target 
nucleic acid molecule, wherein the production of an extmsion product indicates 
the presence of the particular nucleotide at the specific positioa 

66. A method of detCTnining tiie absence of one or more particular 
nucleotides at a spedfic position or positions in a target nucldc add molecule, 
comprising: 

contacting at least one target nucleic add molecule having one » 
or more nucleotides of interest at a specific position or positions on the target 
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nucleic acid molecule with at least one oligonucleotide, wherein at least one 
portion of the oligonucleotide is capable of forming base pairs or hybridizing 
with at least a portion of the target nucleic add molecule and wherein the 
oligonucleotide comprises an oligonucleotide of claims 41 or 51; and 

incubating the oligonucleotide and target nucleic add molecule 
under conditions sufficient to inhibit or prevent extension of the oligonucleotide 
when the S'-most nucleotide or nucleotides of the oligonucleotide does not 
substantially base pair with the nucleotide or nucleotides of ttie specific position 
or positions of the target nucleic acid molecule, wherein the lack of or reduced 
production of an extension product mdicates the absence of the particular 
nucleotide at the specific position. 

67. A method of determining the presence or absence of one or more 
particular nucleotides at a specific position or positions in a target nucleic acid 
molecule, comprising: 

contacting at least first oligonucleotide with at least one target 
nucleic add molecule under conditions suffident to cause extension of the first 
oligonucleotide when the 3'-most nucleotide or nucleotides of the 
oligonucleotide base pairs with the nucleotide or nucleotides at the specific 
position or positions of the target nucleic add molecule; 

contacting at least a second oligonucleotide with at least one 
target nucldc acid molecule under conditions suffident to inhibit or prevent 
extension of the oligonucleotide when the 3'-most nucleotide or nucleotides of 
die oligonucleotide do not substantially base pair witfi die nucleotide or 
nucleotides at the spedfic position or positions of the target nucldc add 
molecule; and 

comparing the level of extension or the amount of extension 
product acconq[)lished with the first oligonucleotide conq)ared to the second 
oligonucleotide, wherdn said first and/or second oligonucleotide comprises an 
oligonucleotide of claims 41 or SI. 
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68. A methcxl of detennining the presence or absence of at least one 
particular nucleotide of interest at a specific position in a target nucleic acid 
molecule, comprising: 

providing at least one target nucldc add molecule having said 
nucleotide of interest at a specific position; 

contacting said target nucleic acid molecule with at least one 
oligonucleotide, wherein at least a portion of the oligonucleotide is capable of 
forming base pairs or hybridizing with at least a portion of the nucleic add 
molecule and wherein the oligonucleotide comprises at least one 
oli^nucleotide of claims 42 or SI; 

contacting the oligonucleotide and the target nucleic add 
molecule with a polymerase less able to extend the oligonucleotide when the 3 - 
most nucleotide of the oligonucleotide does not base pair with the target nucleic 
add and more able to extend the oligonucleotide when the 3 -most nucleotide of 
the oligonucleotide base pairs with the target nucleic acid molecule; and 

measuring the level of extension of the oligonucleotide. 

69. A method for synthesizing or amplifying me or more nucldc 
add molecules comprising: 

mixing one or more nucleic add tenoplates or targets with one or 
more oligonucleotides, wherein said oligonucleotides comprise an 
oligonucleotide of claims 42 or SI; and 

incubating said mixture under conditions suffident to synthesize 
or amplify one or more nucleic add molecules con^Iementary to all or a 
portion of said templates or targets. 

70. A method of detecting a single nucleotide polymorphism 
comprising the steps of: 

contacting at least a first oligonucleotide with at least one target 
nucleic add molecule under conditions sufGdent to cause extension of the first 
oligonucleotide when the 3'-most nucleotide or nucleotides of the 
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oligonucleotide base pairs with the nucleotide or nucleotides at the specific 
position or positions of the target nucleic acid molecule; 

contacting at least a second oligonucleotide with at least one 
target nucleic acid molecule under conditions sufficient to inhibit or prevent 
extension of the oligonucleotide when the 3'-most nucleotide or nucleotides of 
die oligonucleotide do not substantially base pair with the nucleotide or 
nucleotides at the specific position or positions of the target nucleic acid 
molecule; and 

comparing the level of extension or the amount of extension 
product accomplished with the first oligonucleotide compared to the second 
oligonucleotide, wherein said first and/or second oligonucleotide comprises an 
oligonucleotide of claims 42 or 51. 

71. A method for quantitation or detection of one or more nucleic 
acid molecules in a sample during nucleic acid amplification comprising: 

mixing one or more nucleic acid templates with an 
oligonucleotide of claims 42 or 51 under conditions sufficient to amplify one 
or more nucleic acid molecules complementary to all or a portion of said 
templates, said amplified nucleic acid molecule comprising said 
oligonucleotides; and 

detecting the presence or absence or quantifying the amount of 
said nucleic acid molecules by measuring the detectable labels of said 
oligonucleotides. 

72. A kit for use in the synthesis of a nucleic acid molecule, said kit 
comprising one or more oligonucleotides of claims 42 or 5L 

73. A kit for use in the amplification of a nucleic acid molecule, 
said kit comprising one or more oligonucleotides of claims 42 or 51. 
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74. A kit for the detection or measurement of nucldc add synthesis 
or amplification products comprising one or more oligonucleotides of claims 
42 or 51. 
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aaacttactg acggtggaat ttaagttta 



29 



<210> 55 

<211> 28 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 55 

attcttcttg ctccatgatt aaagaatc 28 

<210> 56 

<211> 21 

<212> DNA 

<213> Artificial Sec[uence 
<220> 

<223> Primer 

<400> 56 

tgaggccgcc atatctcctc a 21 

<210> 57 

<211> 21 

<212> DNA 

<213> Artificial Sequence 



<220> 



wo 02/057479 

-22. 

<223> Primer 
<400> 57 

ggaggccgcc atatctcctc c 

<210> 58 

<211> 29 

<212> VNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 58 

gagataaaat aaaattcatg gtgtatctc 

<210> 59 

<211> 29 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 
<220> 

< 2 2 1 > mis cofeature 

<222> (28) . . (28) 

<223> Fluorescently labeled 

<400> 59 

gatcttcggc acccagcaca atgaagatc 

<210> 60 
<211> 31 
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29 



wo 02/057479 




<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 60 

atgcttcaag tcatagtccg cctagaagca t . 

<210> 61 

<211> 31 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 61 

aagatgtcga gttgaccgta acagacatct t 

<210> 62 

<211> 27 

<212> DNA 

<213> .Artificial Sequence 
<220> 

<223> . Primer 
<220> 

<221> misc_feature 

<222> (25).. (25) 

<223> Labeled with FAM 



PCTAJSOl/50460 



31 
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-24- 

<400> 62 

ctacagtcct tctcatggtg gctgtag 

<210> 63 

<211> 25 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 
<220> 

<221> misc^feature 

<222> (23).. (23) 

<223> Fluorescently labeled 

<400> 63 

ctaccgggtg tctgtgtctc ggtag 

<210> 64 

<211> 37 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 64 

gggtgtctgt gtctcggtag acctggctat ctgtgtc 

<210> 65 
<21X> 25 
<212> DNA 




PCT/USOl/50460 



27 



25 



wo 02/057479 
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-25- 



<213> Artificial Sequence 



<220> 



<223> Primer 



<400> 65 

ggtagtactt catgccgttc ttgag 



25 



<210> 66 

<211> 37 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 66 

gggtgtctgt gtctcggtag acctggctat ctgtgtt 37 

<210> 67 

<211> 25 

<212> DNA 

<213> Artificial Sequence 



<220> 



<223> 



Primer 



<400> 67 

ctaccgggca tctgagtatc ggtag 



25 



<210> 68 



<211> 25 



<212> DNA 



<213> Artificial Sequence 



wo 02/057479 ! 



# 
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-26- 



<220> 



<223> Primer 



<400> 68 

cgactgggca tctgagtatc agtcg 



25 



<210> 69 

<211> 25 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 69 

gtaccggagg actgtgtttc ggtac 25 

<210> 70 

<211> 25 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 
<220> 

<221> mis cofeature 

<222> (23) . . (23) 

<223> Fluorescently labeled 



<400> 70 

caaccggagg actgtgtttc ggttg 



25 



wo 02/057479 ^ 
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<210> 71 

<211> 25 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 71 
000 

<210> 72 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 72 

gaccggagga ctgtgtttcg gtc 

<210> 73 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 73 

caccggagga ctgtgtttcg gtg 

<210> 74 



•27- 



23 



23 
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-28- 



<211> 25 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 74 

ctaccgggtg tctgtgtctc ggtag 25 

<210> 75 

<211> 19 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 75 

gccggtgagc gtgggtcta 19 

<210> 76 

<211> 19 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Primer 

<400> 76 

gccggtgagc gtgggtctt 19 



<210> 77 



<211> 19 



wo 02/057479 

-29- 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 
<400> 77 

gccggtgagc gtgggtctc 

<210> 78 

<211> X9 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

, <400> 78 
gccggtgagc gtgggtctg 

<210> 79 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 79 

ctctgctgaa gccagttacc ttc 

<210> 80 
<211> 19 
<212> DNA 
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19 



19 



wo 02/057479 




<213> Artificial Sequence 
<220> 

<223> Primer 
<220> 

<221> modified_base 

<222> (19).. (19) 

<223> 2'-0-methyl ribonucleotide 

<400> 80 

gccggtgagc gtgggtcba 

<210> 81 

<211> 19 

<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Primer 
<220> 

<221> modi£ied_base 

<222> (19) . . (19) 

<:223> 2'-0-methyl ribonucleotide 

<400> 81 

gccggtgagc gtgggtctt 

<210> 82 

<211> 19 

<212> DNA 



PCT/USOl/50460 



19 



wo 02/057479 




<213> Artificial Sequence 
<220> 

<223> Primer 
<220> 

<221> Tnodified__base 

<222> (19).. (19) 

<223> 2 * -0-methyl ribonucleotide 

<400> 82 

gccggtgagc gtgggtctc 

<210> 83 

<211> 19 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 
<220> 

< 2 2 1 > modi f ied_base 

<222> (19).. (19) 

<223> 2 ' -0-methyl ribonucleotide 

<400> 83 

gccggtgagc gtgggtctg 

<210> 84 

<211> 22 

<212> DNA 



PCTAJSOl/50460 
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-32- 



<213> Artificial Sequence 



<220> 



<223> Primer 



<400> 84 

atgcgccggt gagcgtgggt ct 



22 



<210> 



85 



<211> 



23 



<212> 



DNA 



<213> 



Artificial Sequence 



<220> 

<223> Primer 
<220> 

<221> misc_feature 

<222> (23) . . (23) 

<223> May be either T or U 

<400> 85 

atgcgccggt gagcgtgggt ctn 23 

<210> 86 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 
<220> 



wo 02/057479 

.33- 

<221> modif ied_base 

<222> (23) . . (23) 

<223> 2*-0-methyl ribonucleotide 

<400> 86 

atgcgccggt gagcgtgggt ctg 

<210> 87 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 
<220> 

<221> modif ied_base 

<222> (23).. (23) 

<223> 2'-0-methyl ribonucleotide 

<400> 87 

atgcgccggt gagcgtgggt eta 

<210> 88 

<211> 22 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 88 
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23 
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-34- 



atgcaccgcc tccagattta tc 



22 



<210> 89 

<211> 61 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Template Sequence for Oligo 

<400> 89 

cgaggcgctg ccgtcggtgc cgcagccggc cggtttctgc tacgccggta ggctaacgtt 60 
a 61 

<210> 90 

<211> 59 

<212>. DNA 

<213> Artificial Sequence 
<220> 

<223> Template Sequence for Oligo 

<400> 90 

cgaggcgctg ccgtcggtgc cgcagccggc cggtttctgc tacgccggta ggctaacgt 59 

<210> 91 

<211> 32 

<212> DNA 

<213> Artificial Sequence 



<220> 



<223> Primer 



wo 02/057479 PCT/USOl/50460 

-35- 

<400> 91 

gctccgcgac ggcagccacg gcgtcggccg gc 32 

<210> 92 

<211> 32 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Primer 
<220> 

<221> misc_f eature 

<222> (32) . . (32) 

<223> May be either T or U 



<400> 92 

gctccgcgac ggcagccacg gcgtcggccg gn 32 



<210> 93 
<211> 23 
<212> DNA 



<213> Artificial Sequence 



<220> 

<223> Primer 

<400> 93 
000 

<210> 94 

<211> 20 

<212> DNA 



wo 02/057479 




<213> Artificial Sequence 
<220> 

<223> Primer 
<220> 

<221> misc_feature 

<222> (18).. (18) 

<223> Fluorescently labeled 

<400> 94 

ccttctcatg gtggctgtag 

<210> 95 

<211> 27 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 
<220> 

<22l> misc_feature 

<222> (25).. (25) 

<223> Fluorescently IcUDeled 

<400> 95 

ctacagtcct tctcatggtg gctgtag 

<210> 96 

<211> 23 

<212> DNA 
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20 
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<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 96 
000 

<210> 97 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 97 

ccttctcatg gtgataataa tac 

<210> 98 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 
<220> 

<221> misc_feature 

<222> (3) . . (3) 

<223> Fluorescently labeled 



PCT/USOl/50460 



23 



<400> 



98 



wo 02/057479 

-38 

ccttctcatg gtggctgtag aac 

<210> 99 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 
<220> 

<221> misc_£eature 

<222> (6) . . (6) 

<223> Fluorescently labeled 

<400> 99 

ccttctcatg gtggctgtag aac 

<210> 100 

<211> 23 

<212> DNA 

<213> Artificial Sec[uence 
<220> 

<223> Primer 
<220> 

<221> roisc_f eature 

<222> (9) . . (9) 

<223> Fluorescently labeled 
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<400> 100 

ccttctcatg gtggctgtag aac 

<210> 101 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 
<220> 

<221> mis cofeature 

<222> (12) . , (12) 

<223> Fluorescently labeled 

<400> 101 

ccttctcatg gtggctgtag aac 

<210> 102 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 
<220> 

<22l> misc_featvire 

<222> (16) . . (16) 

<223> Fluorescently labeled 




PCTAJSOl/50460 



23 
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<400> 102 

ccttctcatg gtggctgtag aac 

<210> 103 

<211> 20 
<212> 

<213> Artificial Secjuence 
<220> 

<223> Primer 
<220> 

<221> misc_feature 

<222> (1)..{1) 

<223> Fluorescently labeled 

<400> 103 

ccttctcatg gtggctgtag 

<210> 104 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 
<220> 

<22l> mis Cofeature 

<222> (3).. (3) 

<223> Fluorescently labeled 
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-41- 

<400> 104 

ccttctcatg gtggctgtag 

<210> 105 

<211> 16 

<212> DWi 

<213> Artificial Sequence 
<220> 

<223> Primer 
<220> 

<221> misc_feature 

<222> (13) . . (13) 

<223> Fluorescently labeled 

<400> 105 
cctggttatc tgtgtc 

<210> 106 

<211> 19 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 106 

ggtgtctgtg tctcggtag 

<210> 107 
<211> 16 
<212> DNA 
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20 



16 
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m 
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<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 107 
000 

<210> 108 

<211> 25 * 

<212> DNA 

<213>' Artificial Sequence 
<220> 

<223> Primer 

<400> 108 
000 

<210> 109 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 109 

gacgcgggga ggctattctg 20 

<210> 110 

<211> 29 

<212> DNA 

<213> Artificial Sequence 



wo 02/057479 
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-43- 



<220> 



<223> Primer 



<400> 110 

gactcgtaga aatacggctg caccgagtc 



29 



<210> 111 

<211> 21 

<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 111 

cacgaaactt tgcccatagc a .21 

<210> 112 

<211> 28 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 112 

cactggtcgg gtgttgtaag ttccagtg 28 

<210> 113 

<211> 24 

<212> DNA 

<213> Artificial Sec[uence 



wo 02/057479 

-44- 

<220> 

<223> Primer 
<400> 113 

gatctcgtcc tgggaaggga gate 

<210> 114 

<211> 19 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 114 

agggtgtgac cgcaacgta 

<210> 115 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 115 
000 

<210> 116 

<211> 23 

<212> DNA 

<213> Artificial Sequence 




PCT/USOl/50460 
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<220> 
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<223> Primer 
<400> 116 

cagcggagtg gagggaggcg ctg 23 

<210> 117 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 117 

agctgaacgg gaagctcact 20 

<210> IIB 

<211> 27 

<212> DNA 

<213> Artificial Sec[uence 



<220> 

<223> Primer 
<220> 

<221> misc_feature 

<222> (25).. (25} 

<223> Fluorescently labeled 

<400> 118 

caacgtaggt ccaccactga cacgttg 27 

<210> 119 



<211> 19 
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-46- 



<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 119 

gcaccgtcaa ggctgagaa 19 

<210> 120 

<211> 27 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 120 
000 

<210> 121 

<211> 19 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 121 
000 



<210> 
<211> 
<212> 



122 

30 

DNA 
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<213> Artificial Sequence 

<220> 

<223> Primer 

<400> 122 

cacactggtg aggaggggag attcagtgtg 

<210> 123 

<211> 25 

* <212> DNA 

<213> Artificial Sequence 

<220> 

<223> Primer 

<400> 123 

cacgactggc gctgagtacg tcgtg 

<210> 124 

<2il> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 124 

atggcatgga ctgtggtcat 

<210> 125 

<211> 29 

<212> DMA 

<213> Artificial Sequence 



PCT/USOl/50460 



30 



25 



wo 02/057479 




<220> 

<223> Primer 

<400> 125 
000 

<210> 126 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
<:220> 

<223> Primer 

<400> 126 

aagtcatagt ccgcctagaa gcat 

<210> 127 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 127 

gactcattgg ccctgtaatt ggaatgagtc 

<210> 128 

<211> 21 

<212> DNA 

<213> Artificial Sec[uence 



PCT/USOl/50460 
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<220> 

<223> Primer 

<400> 128 

ccaagatcca actacgagct t 

<210> 129 

<211> 16 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 
<22.0> 

<221> misc_feature 

<222> (16).. (16) 

<223> May be either C or T 

<400> 129 
cctggttatc tgtgtn 

<210> 130 

<211> 25 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 
<220> 

<22l> misc_feature 

<222> (23).. (23) 



-49- 



21 



16 
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-50- 

<223> Labeled with FAN 
<400> 130 

ctaccgggtg tctgtgtctc ggtag 

<210> 131 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer . 
<220> 

<221> misc_feature 

<222> (1) . . (2) 

<223> May be any nucleotide 

<400> 131 

nnttctcatg gtggctgtag aac 

<210> 132 

<211> 24 

<212> DNA 

<213> Artificial Sec[uence 
<220> 

<223> Primer 

<400> 132 

ccttctcatg gtggctgtag aact 




PCTAJSOl/50460 



25 



23 



<210> 133 



wo 02/057479 

<211> 21 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Primer 
<220> 

<221> misc_feature 

<222> (3).. (3) 

<223> Fluorescently labeled 

<400> 133 

gatggctctt gttctcggta g 

<210> 134 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 134 

catccgagaa caagagccat c 

<210> 135 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
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21 



<220> 
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<223> Primer 
<220> 

<221> misc_f eature 

<222> (19) . . (19) 

<223> Fluorescently labeled 

<400> 135 

gatggctctt gttctcggta g 21 

<210> 136 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 136 
000 

<210> 137 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 137 
000 

<210> 138 



<211> 



23 
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<212> 
<213> 

<220> 

<223> 

<400> 
000 

<210> 
<211> 
<212> 
<213> 

<220> 
<223> 



Artificial Sequence 

Primer 
138 

139 

23 

DNA 

Artificial Sequence 
Primer 



<400> 139 

taccaccgac ggaagacatc ttg 



23 
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Clain) Nos. : 

because they relate to subject matter not required to be searched by this Authority, namely: 



Claim Nos.: 

because liiey relate to pans of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 



3. Claim Nos.: 

because ihey are dependent claims and are not drafted in accordance with the second and third .sentences of Rule 6.4(a). 
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This International Searching Authority found multiple inventions in this international application, as follows: 
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searchable claims. 

2. ( I As all .searchable claims could be searched without effort justifying an additional fee, this Authority did not invite 
payment of any additional fee. 

3. [ I As only some of the required additional search fees were timely paid by the applicant, this international search report 

covers only those claims for which fees were paid, specifically claims Nos.: 



No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 1 

Remark on Protest The additional search fees were accompanied by the applicant's protest. 

I I No protest accompanied the payment of additional search fees. 
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BOX lU OBSERVATIONS WHERE LiNITY OF INVENTION IS LACKING 

This application contains the following inventions or groups of invcntioas which are not so linked as to form a single general inventive 
concept under PCT Rule 13.1. In order lor ail inventions lo be examined, the appropriate additional examination fees must be paid. 

Group I, claim(s; I. drawn to a nucleic acid composition with ge.ne specific 
primers. 

Croup II, claim(s) 2>8, drawn to methods of synthesizing nucleic acid molecules. 

Group Id, claimCs) 9-1 1, 42-59. 61, 72-74. drawn to modified oligonucleotides. 

Group IV, claim(s) 12-23, 62-7l,drawn to methods of amplification using modified oligonucleotides 

Group V, claim (s) 24-28. 38, 39, 4 1 , drawn to nucleotide analogues.and methods of making the composition. 

Group VI. claim(s) 29-37. 40. drawn to methods of detection using oligonucleotides comprising nucleotide analogues. 

Group VII, claim(s) 60. drawn to a method of making compositions 



The inventions listed as Groups 1-7 do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule 
13.2, they lack the same or corresponding special technical features for the following reasons: 

The inventions listed as Groups I-VII do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule 
13.2, (hey lack the same or corresponding special technical features for the following reasons: The composition of Group III, drawn to 
modified oligonucleotides, lacks a special technical feature. Specifically the claims lack a special technical feature where the expression 
special technical features'* is defined as meaning those technical features that define the contribution which each claimed invention, 
considered as a whole, makes over the prior art." Here, the prior art of Agrawal (U.S. Patent 3.591 ,721) anticipates claim 9 since 
Agrawal teaches a composition comprising a nucleic acid molecule and an oligonucleotide which comprises a modified nucleotide at the 
3* terminal nucleotide (see column 4, lines 18-20, column 7, table 1 and column 8). 
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